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NOTE ON AN UNUSUAL ANOMALY IN CRANIA FROM THE 
ISLAND OF KWAIAWATA, NEW GUINEA. By W. L. H. 
J)U(!K\voiiTii, M.l).. ScD., UniverHify Lf'cfuver in PhyHical Anthro- 
poliHjy, Cainbridfje. 

WiiEM exaiiiinin(( the collection of liuinan crania brought by members of 
the Daniels Exjwdition fi*om the iHlandH adjacent to New Quinen, I noticed 
a very ntniHual anomaly in the inniiature Hpecimen No. 181). The skull 
came from Kwaiawata Island. 

The anomaly consists in the presence of synnnetrical paired spinous 
proceases alx)ut 3 nnn. in length, projecting on either side of the apertura 
pyriformis nasi, just below the level at which, as in most crania of Oceanic 
negr<H3S, tlie sharp margin of the aperture is lost. These processes are 
clearly visible in the accompanying photograph (fig. 1, No. 139). 

Interest in the occurrence of this anomaly biding thus aroused, I searched 
the whole series through, and found a similar, though unilateral, process in 
two more crania ((/. fig. I, No. 133; fig. 2, No. 12J)). In two other cases 
(cf. fig. 2, No. lOG) a distinct though only slightly elevated ridge was 
found to occupy a position corresponding to that of the spicular process of 
the precinling examples, and, as in the latter of these, was developed on one 
side only of the nasal aperture. 

The cxjcurrence of osseous spicules in the situation describtjd is very 
rare. Professor Macalister tells me that these are the first examples of 
which he has heard ; and Professor Le Double, to whom I have submitted 
the phoUjgraphs, writes to the same ettect. I know of no recoi-ds of 
comparable anomalies. 

The following notes are based on the examination of the Cambridge 
University CoUecticm. 

Apart from the crania from Kwaiawata, no others of the specimens of 
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2 Dr W. L. H. Duckworth 

the Daniels Collection, and none of the numerous skulls from the mainland 
of New Guinea, present this anomaly. 

In the long scries of nearly eighty crania (the Willey Collection) from 
New Britain, a single example (c/, fig. 3, No. 3.^34) bears a ridge similar to 
that observed in No. 106 (fig, 2). 

The large collection of ancient Peruvian skulls providwl two examples 
(Noa 1938 and 1972). 



A single instance occun-ed among the ancient British crania (No. 2574 
of the Hai-wood Collection). 

But no other examples were discovered in the extenuivc Cambridge 
Collection, which includes siiecimons from all parUi of the globe. 

Among the crania of Afriom negroes, two prccicnt anomalous conditions 
of the iiimal margin, bnt no comjutrison obtitiiis Ivotwecn tlicKu and the 
subjects of these notes. In lx>th casus the left side only of the nasal 
apei-ture is affected. In No. 1730 an indented ridge about 3 nnn. long 
projects from the nasal mar^n innncdiately l>elow the nasal bone. In No. 
4201 a shelf-like spur juts out from the nasal process of the maxilla, and 
supports tlie left nasal bone. 

Scanty as they are, these records show tliat the diagnostic value of the 



An Uinifliial Anonmly in Oi»i 



o. 2.— CrsDu from Kwaift«ala{DaiiiDl8 Cullection, Uua. Aiukt Cant), No*. 129 (to the led) 
Mid lOfl. The rDimw betra > ipicule of bone, and, in ■ oorraainading litiutiou in 
n No. 1M, it Meii a low rough omeous ridge. 



tta. S.— Cranlntn from Now Ilritaiii (Willoy Oolloction, Mur. Anat. CatiL, No. 3S34). 
this epccimon ■ blunt ijiioulo of liono ia aeen on the right margin of tho iieati a|ierture. 
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character is almost nil. Nevertheless it ia not a little remarkable that the 
three most pronounced examples should have originated in a small island 
like Kwaiawata. But, so far as my observations go, they only allow me to 
remark that the occuiTcnce is most fre<jiient among the Oceanic negrous. 

In order to ascertain whether the matter could t>c further elucidated by 
reference to the soft tissues, 1 dissected the lateral nasal region in a negro 
(cf. Hg, 4). For iilthoiigh the spicular process does not appear to me to 



Fid, 4. — I>isa«ctinii of Um noaftt cartiligeB in Uiq lieul of ■ niala 
negro <Krouiiian). Tlio lihna of BtUcliiiiviit ul' tlio Urgvt 
sesuiiaiil curtilage to tlia niuial iiisruiii aru inilicatol in the 
niarijiiiof tli nil rawing. "A," libruuHDaiidiiwIiereliy tlielftigcir 
HeHamoid lurtilage in attacliud tu tli« iiiurgiii al tli« ajiertura 
[iyrir»rnii3 uost. 

represent any part of the prcmuxilla, I thought that it might poasihly have 
originated in an cxtensiun of ossitieatiiin into one of the small cartilages of 
the nose. 

The dissection (Kg. 4) showed that though in the negro (and tliu state- 
ment is found to l>o applicable to Knropcans au well) the larger sesamoid 
cartilage is not in contact with the nasal margin, yet it in attached to the 
latter hy fairly definite fibrous strands at its lower end : so that the 
observed offi;ct of a spicular pi-occss would l)e produced if oHsificittion wore 
to extend into theae strands. 
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It nnist be admitted, howevor, tliiil the position of tl)e ntraiids waa 
shown by a second dissection (thongh, in the secon<I ct\8e, of a European ; 
cf. fig. 5) to lx» variable, whereas the |>osition of the spicular processes 
is fairly constant. The second diasi»ction sliowed, moreover, that otlier 
fibrous strands (not represt»nted in the figure) in the position of the spicules 
run nion^ nearly'' along the inlgi^ of the maxilla, so that in some instances the 
efleet may Imj product^d by tlic^ exUMision of ossification into these. 

In the absence of further information the anomaly seems worth 
recording, and it forms a rather interesting contrast with one already 



R. 
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Kki. r». — DiwMf'.ttoii of tlio lu(>i'riil iiamiiI riirif1iigi*}4 jn ihi* hrml 
of sii ngcnl Kiir(i|H*itii. A, lilmniK Imiids Attiteliiiig tlio 
(HUtglc) BnHamind (Miitiliigo to tiic luai^in or tlio aiwrtiim 
pyrifonnis iinAi. 



described by me in the JtmnKil of Avatomy and PhyRiology, vol. xxxvi., 
April 1902. 

The skull (No. 133) is further remarkable for possessing a large dental 
rudiment in the right upper jaw, between the premolar teeth, on the labial 
aspect of the alveolar margin {ef, Duckworth and Fraser, Proc, of tlie 
(Uimh Phil, Hiw. , 1000). The tympanic bones are also curiously notched. 

No8. 137 and 139 are plagiocephalic (or asymmetrical). The former, 
though adult, has onl}' two molar teeth in the upper maxilla on each side. 

No. 10() is a senile specimen: prognathism is very pronounced and 
the forehead retreats very rapidly. The external pterygoid plates are 
of enormous si7.e and fenestrated. 



PARTIAL DEFICIENCY OF THE PERICARDIUM.' 
By Arthur Keith, M.D. 

In the Museum of the London Hospital Me<1ical College there i'h a specimen 
showing a wide natural deficiency in the left lialf of the pericaixlium. It 
waa described in the Tratisactiona of tlie Patiiologiad Society of Lmulon in 
1839 (vol. xii. p. 222), by Cm-ling, and this specimen, with four others, were 
all that wei-e known to Peacock in 1866, wlien he published liis work on 
Malformiitiorns of the Human Heart (2nd edition). The lesion gives rise to 



Fio. I. — Perictrdiura orimrt of kii atiGe|)lialie fiBtiis 
sliuwtng a {laUiit [ilouni-iKincardiBl rornnion. 
I, Root al l«[t }une. t, riauciiillng ikurta. 

a, I«rt ■uiicla pnitruillug Ulrougli (•miiiiiii. 
t, Ou |>ari card 111 m In front of Uw phrsiilo oerrt. 

no symptom during life. The deficiency is always found on the left aide, 
and in these cosea the phi-enic nerve is found to deacend behind the costal 
cartilages parallel with and qntte close to the internal mammary nvUtry. 
The mediastinal oapect of the left lung lies directly on the heart 

W)iGn I lirMt cnme across these ciiscs I completely failed to explain the 
condition of parts on an embi-yological basis, but ijuite i-ecently I discovered 
the explanation while dissecting a group of malformed fiutuses. In an 
anencephalic full-time child thei-e was a deficiency in the left aide of the 
poricaivjium, through which the left auricular appendix protruded (fig. 1). 
The opening had a rounded, siuooth nmrgin, and waa hounded Inhintl by 
■ TteaA Iwfon; tlic Anatomical Society of Great Britain Mid Ireland, UaTcli 1000. 
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t)io root of the left lung (nee iig. 1); in front of the foramen, on the 
pericanlinm, (le8cended tlie phrenic nerva The opening is clearly a patent 
pleuro-pericaitliftl foramen. 

In another fci'tUH, whicli wan t)io ntibject of a itiunber of innlfortnationa, 
there wa« a large deficioney <if the {icricat-tlinin on the loft aide. On te- 
ih'ivirig t)i(t HttTiiinii Hiid roHln) enrtilagTH. n ntron^ (ihn)nH inemhrane waA 
found Itehiiid them on which the phi-cnic nerve UeHcendod. Thix tibroua 
membrane wtui found to l)e the pericardium. In the figure a great part of it is 



Via, 2. — Thorax of s nmlfniiiioil tirlun fn'Tii whicli tlie Bbmiui 
Mrtilofira likvo bmii nniiivml, Tim limit ■ml luiigR lian 
fii|»Mi1 by tlifl rrinoval of tliP anterior n-s1l of tlis {Kiricsriliun 
1, nlnlit vcnItMa; % left Tcnlrlela ; ■, pnlinnMrj nrtcrr: 4, wirto 
e, iihrsnlc nervu : 1, iiiiimt iiarl ol peH«iRllnni ; S, Jnnctlon o 
with ntsnr* >t ths lowrr iiinririn ot tlin imtty eiMndnl b|«i 
D|<on1liE:(l, ll'cr; lO.ihnnnch. ilotil oTtlicu cv«ani Ha hi ti 
otTltr, than balnfi a wlrtt piaiiru-periUmaii oommunlotlan. 

flhown OK cut away, to oxpone th« hcai't and half of the left lung which lay 
behind it. The left margin of the meinhiane denci^nded in front of the lung 
and turned backwardB at the lower margin (nee fig. 2, H). The greater part 
of the left plomal cavity waa occtipied by the liver, ntomach, and spleen. 

It was evident t)iat the condition of parts had been produced by the 
lung bud growing within and expanding the communication between the 
pericardium and pleura, for that counuiinication Vnit immediately ventral to 
the [Hiint at which the lung bnd ap(K'afH. The condition should bo described 
as dilatittion of the pletn-o-iHtricivt-dial forauicn. 



THE HISTOGENESIS OF NERVE FIBRES: A CYTOLOGICAL 
STUDY OF THE EMBRYONIC CELL-NUCLEUS. By John 
Cameron, M.D. Edin., D.Sc., Carnegie Fellow, Senior Denrum- 
straUn* of Anatomy, University of M(inche8tei\^ 
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(1) Literature. 

The study of tlie mode of development of nerve fibres appears to liave l)een 
first undertaken by Remak (00). A few yeiU's later Bidder an<] Kupfiei* 
(11), working in collal)oration, were in a position to confirm Reinak's main 
conclusions. These three observers furnished us with the first real attempts 
to give a clear conception regarding the histogenesis of nerve. Their 
results, owing to the unsatisfactory methods of histological technique at 
their disposal, are, however, decidedly different from those in general 
acceptation at the present day. Remak confined hi.s attention chicfiy to a 
study of the developing nerve fibres, while Bidder and Kupfier were 
successful in identifying the latter as processes of nerve cells. 

These papers do not appear to have aroused much attention. Wide- 
spread interest in the question of nerve genesis was, however, revived in 
1868 by His (29). He formulated the view that motor nerve fibres take 
origin as axis-cylinder pi'ocesses from nerve cells situated within the centiul 
nervous system, and gradually grow from there towai'ds the periphery, 
until they ultimately reach their end-organ. These hypothetical views 
were not confirmed by actual observation till several years later, when His 
(30 et seq.) demonstrated that in the human embryo the axis-cylindei*s or 
axons are processes of neuroblasts, and was thus enabled to give sub- 
stantiation to his earlier suggestions. 

> Read before the Tntemational Congress of Anatomy, Qeneva, 1905. 
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Kolliker'fl alinoRt conteinporaneoiiH work (42) on thiR mihjecfc agreed 
with tliat of His in re^nl UynW the main Iahucs. TheRotwo ohservcrs may 
be considered to have Ix^en the founders of what is now termed the ceivtml 
th^nrif of verve (n*ufiv, whihj BalfoiU's work appears to have been the 
first im]K)rtant evidenc*^ brought forward in supjiort of the periphcml 
fhenrff of verve tyr'ufiii, 

Balfour (3 and 4) investigated in EInsmobranch embryos the develop- 
ment of the spinal ganglia, and the mode of formation of the motor roots. 
He considered the latter as developing from chains of cells which grow 
from the antenvlateral aspect of the spinal cord. He thus regarded the 
motor roots as multicellular in origin, a conclusion which seemed to indicate 
the exist4»nce» of a |>eriplu»ral ukkIc of nervt* genesis in this gi'oup of fishes. 

Van Wijhe (07), l)ohrn (14), and Beard ((>) soon added their testimon}' 
to the controversy. The two former ol)server8 paid special attention to the 
development of the spinal motor roots in Elasmobranchs, and confirmed 
Balfour s observations Beard studied the (juestion in Elasmobranchs and 
binls. His conclusions were on the whole antagonistic to the views of His 
and Kolliker. 

More recently interest in the question has been renewed by the investi- 
gations of Bethe (10), Schultze (()4), Fragnito (17), and Apjithy.^ These 
olwervers are convinced that nerves have a multicellular origin. Bethe's 
work, which was condueU^d on the chick, was vigorously criticised by 
Kolliker (44), who maintained the accuracy of the central theor}' of nerve 
genesis. 

It is thus obvious that embryologists arc at present divided into two 
schools regarding the origin c)f nerve iibres. The first or central theory, as 
formulated by His and Kollik<M*, is thc^ oiu*, most favoured by embryologists, 
while the peripheral theory has received sui>port from Balfour and others. 

It is necessary tr) mention hen*, the intermediate iK)sition adopted by 
Hensen (27). He formulated the hypothetical view that the developing 
nerve centre and the end-organ (muscle or skin) are really ccHinected 
together from the first. This opinion received a gcxxl dwil of hostile 
criticism, more especially from Altmann (I), but recently Kerr (l\\)) has 
demonstrated in Lejxidimreti embryos the existence of a " nervous bridge " 
which connects the neural tul)e \vith the myotome in the site of the future 
mot(3r root, an observation which would appear to lend supj>ort to Hensen s 
view. 

In this relation it is also important to mention that Sedgwick (63) a 
few years ago pointed out that all the developing tissues of the embryo 

' To my gn»at iTgrct I Imvo been iinalilc U) consult A]Mitliy'R ]»aj»or in the CmnjUe-Jiendu 
de$ 9eanceB dn troin^me Coiufrh t^UemtUimwl de Zoologitt ; Leydcn, 1895. 
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are connected together by means of a reticulum. Thiis he shows tliat tlie 
neuroblasts of the neural tube are in direct continuity with the cell-elements 
of the suiTounding mesoblast through the medium of this network. More 
recently still, Bernard (8) has pointed out that the cell-elements of the 
retina, not only those belonging to one layer but also those of neighbouring 
layers, are united together by a system of delicate interconnecting fibrils 
(pi*otomitomic system). 

The question regarding the regeneration of nerve fibres is closely related 
to that of their histogenesis, and it has given rise to (]uite as keenly con- 
tested a controveray. The central theory, namely, that new axis-cylinders 
grow from the central end of the divided nerve, has been the favourite one 
for many years, and it has recently received strong support from the re- 
searches of Langley and Anderson (46), Edmunds, Mott, and Halliburton 
(15), Head and Ham (2t3), and other physiologists; but, on the other hand, 
suggestive evidence in defence of the ])eripheral theory has been furnished 
by the work of Kennedy (41), Ballance and Stewart (5), Bethe (10), and 
Fleming (16). 

(2) The Nascent and the Mature Condition ok the Axon. 

In a previous communication (12) the author has lulduced evidence 
which indi(!ates that the material constituting the processes which jmiss 
from the cell-elements in the various layers of the embryonic Amphibian 
retina is, in part at least, derived from the corresponding nuclei. In the 
same paper it was pointed out that these embryonic nuclei exhibit striking 
evidence of metabolic activity, observations which support the researches of 
Mann (51) and Huie (37) regarding nuclear function. The former observer 
has shown that the nuclei of actively functioning nerve cells are centres of 
vigorous metabolism, consisting mainly in a using up of the chromatin 
elements, while Huie*s experiments on Droficra have helped to thi'ow further 
light on this complex subject. 

Held (24), Scott (65), and Holmgren (36) have demonstrated the pi*esence 
of nuclear compounds in the cytoplasm of the adult nerve cell which are 
apparently derived from the corresponding nucleus. We are thus provided 
with suggestive indications regarding the existence of the products of this 
nuclear metabolism. 

One of the first signs of metal)olic activity on the part of the neuroblast- 
nuclei in the embryonic Amphibian retina, as indeed of the neuroblast-nuclei 
in all regions of the central nervous system, has already (12) been shown to 
consist in the ingestion by them of the yolk which abounds in the tissues 
of the early Amphibian embryo, This ingestion appears to be effected at a 
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definite pole of thefle nuclei, and results in an accumulation of chromatin 
just within the flame iK)le. A glance at fig. 1 will demonfltrate the presence 
of this polar aggregation of chromatic material in the retinal neuroblast- 
nuclei. The author has therefore termed this the " assimilative pole.*' This 
storing up of elaborated material must manifestly denote preparations for 
some important function which is to be exhibited later. Evidences of such 
a function soon become prominently displayed by these structures ; for it is 
found, as development proceeds, that the aggi*egation of chromatin gradu- 
ally vanishes from the region of the assimilative pole, while just outside 
that pole a clear, almost achromatic, material slowly makes its appearance, 
and in time gives rise to a small accumulation there. This new substance 
forms |)art at least of the axon rudiment, and is evidently directly derived 
from the tempomry store of chromatin at that nuclear pole, for the period 
of its formation is practically concurrent with the disappearance of the 
latter. What apparently happens is, that the chromatin in (juestion 
becomes transformed by metabolic activity into a substance which in the 
vajicent condition is practically achromatic in its reaction to all stains, and 
is in this form given oflT from the nucleus. Further, the position of the 
aggregation of chromatin at the assimilative pole of the nucleus determines 
the discharge of the resulting metabolised material from that [)ole, which 
\xv\y therefore now 1x5 termed the " axon |)ole." 

The development of the axon-rudiments of the optic nerve frcmi the gan- 
glionic hiyer of the retina may be favoiu^ably studied in Amphibian embryos. 
In fig. 1 the two nuclei above the letter {a) are lying in the future site of 
this layer, the various layei*s not Iwing j'ct difTerentiated. The assimi- 
lative pole in both these nuclei may 1x5 readily recognised by the aggregation 
of chronuitin. In the s{M»cimen an accumulation of a clear, practic4illy 
achromatic, sul)Htanc(.* couM Ih) seen lying oul>ii<le these poles. This appear- 
ance is in striking contrast with the scanty perinuclear envelope previously 
existing round these, as well as neuroblast-nuclei elsewhere, during the 
early developmetital stages. From this polar accumulation a delicate 
prolongation could be traced towards a region where a minute bundle of 
faintly staining fibrils (fig. J, op. n, /.) could l)e seen lying immediately 
underneath the internal limiting membrane of the retina. It will also be 
observed that the upper of the two nuclei just referred to in fig. 1 has the 
left pole very markedly pointed, an appearance which suggests a with- 
drawal of some of its metabolised contents to blend with the accumulation 
of achromatic nuiterial lying outside that {x>lo. The first traces of the optic 
nerve fibres in Ami)hibians are thus in the form of pale, almost achromatic, 
fibrils, the substance constituting which is, in part at least, a direct 
derivative of nuclear metabolism. 
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Striking coDutenvl evulciice of tlio diitcliftrgc of thJH ticlii-oiiiatic siilmtjuicu 
by tlieuti retinal neuroblofit-iniclei is furnifllied by the niwle of oi-if;iii of the 
visual elements in Ampbiltiiuis. The tirst signs of these, tw ahnwn in tig. I, 
are iti the form of clear achi-oiiiatic globules which are invm-iabiy found in 
close relationship with the e^ttcriiul poles of the nuclei in the external 
nuclear layer, 'riiis, in part at least, consists of achromatic niati-rial 
resulting from inetabolio activity on the pait of these iniclei. 

This i>eculiar sulxitance, which is so strikingly achixjinatic in the nascent 
condition, is discharged from the nuclei hi such uiinute successive (piantities 
aa a rule, that it is difficult to make a sittisfactoi-y study of itn various 
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properties. Fortunately, however, the author lias l>ecn enabled (12) to 
study it actually in hulk in the cones of the Amphibian retina, llie large 
clear globules which are found in the bases of these stnictnres consist for 
Uie most part of achromatic sultstancc derived from the iniclei of the 
external nuclear layer. This is given off in larger tjuantitics than usual, 
and therefore tends to accumulate to form the.se large globulcA. Not only 
so, hut very fi-etjuently in such cases the nueleuH appnirs partially eollapsed 
(12) owing to a sudden discharge of mmie of this mctaliolised material 
into the base of the corresponding cone. Berriani (7) has drawu attention 
to the frei|Ucnt ap{>earance of this semi-»illa]»S(!d cnndition of them' 
nuclei, and also considers that it is due to a sud<leii extrusion of their 
contents. 



MiHtuguiK'Nm uf Ni-rvi: KilneH Hi 

Tliese ^lubiik'n, wliicli avn w> docidodly nclirouiatic wlieii tliey first 
npjN'iir, MMiii lM!ci>nin jxirtiiilly "cliiiniialiHcd," llmt in to nay, tlioy become 
iiiui-e i-<-4uli1y iicted himjii by Uitli iiiicleni' and cyboploflinic stains. Tliis 
nnlHtniice tlnw uliows two dintiiict hIiunim of its cxistuiicu, viz. — a •nanceiit 
iir luhriinuifii- ami n nmimv irr rti.riiiiiiUi''t'H phitw. 

A fintliw RUtfic ill tliu j;r<iwtb of Uie tyytw iicrvo libreR of Ampbtbiaim is 
hIiiiwii in 1t^. 2, wboi-c it will Ik? rilwrrvw! tliiit n Htiikiiig cIiilh^u iit Uio 
staining vcnctioiis of thi;se tibi'C!i linn tiiken pliice, for they are now freely 
actcf) upon by botli miclcnr and cyUtplusinic sUiins. Tlicy tlius cxliibit the 



ntuwent Hcln'oiiiatic and tlio inntni'e cliionintiwd pliases, exactly after tlic 
manner of Uie Uisa) frIobnIuH ii> tlie Anipltiltinn conca Thisclii-oniatiHtition, 
wliicli, like that of the globnliw refennd to, is only giatiial, occurs iu a 
lon^itiidiiial diroclion, and given the individual axons n Knely fibrUlatcd 
apj>camnc<', tliiis diMiionnti'atiiig also the fotiiiation of the pt-iiiiitive libnla 
This exhibition of these two plinseH on the jMirt <if the optic nerve fibres' of 
Auiphibiaiifl certainly suggestfl that they consist of some newly formed 
substance which docs not exist in the very early developmental stages. 
These two phascH will be found to exist also in the spina) nerves of all 
vertebrate embiyos. 

' A full lU^iiiniit of tlir ilcvi'lopiiieiit of llic iipiiii nerve in Aiiipliiliuiiia trill Ire found in 
II recent pnjier l>y tlic aiitlior (i:)}. 
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(3) Deveix)pment df the Si'inai, Nerves in the FRf»o. 

It WOB in tlio next place decided Lo study thu ijutuiUon oF uurvu 
genesis in the spinal nerves of AinphibiftUB, mid, inoi-e pftrticnlarly, Ut 
investigate the mode of devolopnient of the motor kkiIs, seeing that the 
greater pvrt of tlie cnntrovei-sy liiis been waged over the origin of thoHe. 
The motor i-oot doeH not appeiir vuiy early in the fn)g enihryo. There are 
certainly no truces of it when the spinal ganglion is well formed, us showti 
in fig. 3, which is from a tiftcenth-duy frog embryo. Here the spinal cord 



is shown with the spina) ganglion on each side; hut there are ua yet no 
signs of the motor roots. On the left of the tigure is an appearance which 
Buggests the presence of the root; but this, on carefully focussing the 
specimen, was found to be due to the pi-esence of a cell-element lying close 
to the cord. Further, the motor nx>t makes its appearance from the latei'al 
aspect of the cord much further liack than this (see tig. 5). 

At tlie stage i-epreaented in fig. 3 the development of the spinal nerve 
itself will be found to be going on far out towards the periphery, as 
illustrated in fig. 4. In the latter figure the position of the nerve mdiincnt 
is denoted by the anows. The nerve will be observed to sweep forwards 
by the side of the notochord (-iioto). It then takes a sudden l)eud in a 
lateral direction, and in this particidar spocimen could be trucotl ontwai-ds 
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behind the Wolffian duct (tv. rf.), mid from tlionce for a considerable distance 
in a )KM'i]>licnil direction. Careful exnniinatiou of the nerve at various 
stages by nieiuis of a ^Kj oil-inunersion lens showed it to consist of a row of 
nuclei l)otween which a clear nchroniatic material makes its appearance. 
In that i>art of Hg. 4 lettiMed v. tntl. the presence of this pale, faintly 
staining suUstance is cleai*ly shown. This corresjKinds exactly in appearance 
with the achromatic material aheady descrilx^d in the optic nerve of Am- 
phibians, and is probably, like it, a derivative of the metabolic activity of 
the nuclei eml)edded in it. It will Ikj observed that this material forms a 
continuous tract with sharply defined margins. It is worthy of special 
note that this is formed previous to, and therefore <|uite indeixjndently of, 
both the motor and sensory roots. 

A further stage of nerve genesis is illustrated in fig. 5, which shows a 
newly formed motor r(X)t in a twentietli-<lay frog embryo. It is seen to 
extend fi-om the lateral as])ect of the cord to the spinal ganglion. This 
junction of the motor root with the ganglion in Amphibia is very character- 
istic, the* latlrr thus ext<*nding for a short distance along the spinal nerve, 
as shown also in fig. (J. The motor root is at this sUige markedly jvchro- 
matic, while it can be trivced into tin*, cord for a short way. It bears a 
striking resemblance to the substance which Kerr (40) describes as forming 
the rudiment of the spinal motor root in Lepidmiren, Careful focussing 
of the st»ction from which fig. !) was taken, as also of neighboiu'ing sections, 
8how(»d that this achromatic nuiterial could be traced to the neuroblast- 
nuclei in the spinal cord. Note the sharp bend at the ]K)int where the root 
emerges frtmi the cord, and the connnenciiig fibrillation near its lower 
margin, which im{)artH a very sharp outline to this portion of the root. 
Note, further, the absence of me^sobla.st tissue round the motor root in the 
frog. Thus it apjK^ars to Ije wholly d(?veloped centrally from tlie cord, and 
it blends later with the material which has been already described tw forming 
the spinal nerve trunk itself. A similar process of blending occurs between 
the nerve rudiment and the spinal ganglion, and in this manner the com- 
plete nerve is formed. Thus a prcxjess takes place similar to that ali'cady 
descriljed (18) in the ctiso of the optic nerve in Amphibians, and, further, 
cme can detin<», fairly accurati^ly how much of the motor trunk is formed 
vvvtraUij and how unich periph/^vnUy, Stated briefly, the whole of the 
motor root arises centrally, while the trunk of the nerve is developed almost 
sinuiltamnnisly, but, if anything, i-ather earlier, from the peripheral struc- 
tures. Harrison (22) luis shown that section of the spinal motor ix)ots in 
Amphibian embryos is followed by the formation of new axons from tlie 
spinal cord, thus affording experimental proof of the central origin of these 
roots. 
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Chi-omatiHiition occiiru siiniilUiiicoiiHly a)l tiloiig the nerve rudiiiivnt 
just as in the optic iiurvo. A i-ofcrencu to fig. fi will hIiow the appotraiice 
of the motor root after tliis procuMS is well ivdvunced. This root is shown 
on both uidcH in fig. (>, ant] la uxtrciniily alunder. On the vi^ht side a cell- 
strncturu may l>e seen in close contact with the motor i-o()t. 'I'his waa, 
however, fonnd to Iw u nucleated bhKMl corpuscle lying in a ainull 1»1(k)«1 
vessel on tlie surface of tlio cord. It may Im noted that tho motor root 
is quite fi(!e fi-om mcsohla'it tissue at this stage. 

It will now l)e olwerved how closely tho phenomena oltservetl in 
association with the development of the spinal nerves agree with those 
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already described in the cuxe of the optic nerve of the frug. The existence 
of the ochroniutic phase of the nerve mdimont, followed by its chroniatised 
phase, is thns (|uite as pi'oiniuent a feature of tho spinal uerves as it is of 
the optic nerve. 

(4) Development of ti[e .Si-inai, Nkkvks in the Chick. 

The histogenesis of the spinal nerves wiu< next studied in the chick as 
representing a difiei-ent clivsa of vertebi-nte. As in tho frog, the motor 
root ap[M!ai-8 comparatively late in the chick. Fig. 7 shows the condition 
of the spinal cord and spinal ganglion, and the relation of the suri-ouiuling 
mesoblast at the fiftietli hour of itieubation. Part of tlie large spinal 
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^Dgliiiii in mxui, ns also tlic H)inq>ly dctincd external limiting niciiibi'ane 
of tlir npiiiiU eoitl, vvliicli ho ilirttiitctly inugtn it off from the neighbouring 
iHUHoblitnt, the latter conntRting of tliu unutil ntellatc cells with tlieir scanty 
cytoplonmic processes. In no section of tliis Hories conid any cvidcncea 
of UiB motor r<x»b or of tlie npiniil nuivc iUcIt be found. Here, then, 
npixnred to )m5 n favounvblo op{>ortnnity for luicurtuining tbo extiut niodo 
of oi-igin of the motor root. 

'I'licro Itiwt iH.'vn n gocxi deal of H{)eculation n^gardiug the primary origin 
of what apix-ai-s in Hg. 7 to be Himply iiR'Roblast tissue. Whatever its 
nUiinak- origin may have tfucn, it hiut now become puriphural tiasnc, and 



titin doen not in tli<4 letiHt nff'cct the ([uratioii as to whether the nerve is 
foniicd uni- or nnilti-ccllularly. 

On proceeding a step further in development, it wa« found that the 
motor ix>ot whhi lH>gnn to manifest itnelf ; for fig. 8 is taken from a chick 
at the Hi.<ctieth hour of incubation (i,r. only ten lioure aft«r the stage shown 
in fig. 7), in which may \k observed free evidence of the presence of this 
ntrnctiiiHv The first sign of commencing dcvolopmont of the motor root 
(and this in the cmcial jioint of the whole ijuestioii) is a free mitosis of 
the nuclei of the mesobla«tic cell-elements along its future site. Fig. 1) 
is a much more highly magnified view of tho motor root reprcsuuted in 
fig. 8, and in this can bo seen a mitotic figure. The latter structures are 
very plentiful at this early stage in ail the spinal motor nerve roots, and 
VOL. XL!. (THIHD SKli. VOL. H.)— OCT. 1906. 2 
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it is of fiii'tlier interest to note that the separation of tlie two daughter 
nuclei is always in the line oF the nerve (Kg. !>). Concuri'enUy with tiie 
multiplication of these nuclei, they become surrounded by an abundant 
clear mateiial which is different in appearance from the scanty cytopliuni 
which previously enclosed tliem, and is probably a derivative of the 
metabolic activity of these proliteroted imcloi, juut as in the optic nerve 
(13) and spinal nerves of the frog. This material, a considerable proportion 
of which is possihly set free during mitosis, is rather more amenable to 
the action of stains than in the frog. In lig. 9 the upitial cord will be 



observed to have become separated from the jwripheral tissue hy a distinct 
interval, an appeai'ance which makes the laying down of the nervt 
rndiment in the latter tissue much moi-u stiiking. 

Concurrently with the development of the motor root, a similar proccat 
is being actively carried on far out towards the periphery, the result being 
thiit the whole length of the nerve rudiment api>ctM-s to be simnltaneously 
laid down in mcsobiast tissue. The nniiti plication of nuclei, together witli 
the gradual ap))earancu round them of this clear substance, could thus be 
i-cadily observed "all along tbo line." Fig. 10 shows the changes in tlic 
mesohlast tissue to form the nerve at a considerable distance from the 
spinal cord. It is taken from the same embryo as ligs. 8 and 0. A small 
portion of the myotome is shown on the right, while running parallel to it 
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ia soi^ii till! devrlo|iing npiiial iiorve. Here ugaia the ticrve rmliineat 
will be obHervccI to coimal of pi-oliferatct! nuclei separated from one 
niiotbcr by materia) in wliicli aignn of commencing fibrillation may be 
observed here and there. ThiR simuItaiicuUH development of the nerve 
along it8 wliute extent in tlmn sti-ongly Kuggcstive of the peripheral mode 
of formation. 

Coitciinently with thJH peripheral formation, the axons of the motor 
roots are being developed within the spinal coi-d in a manner exoctly 
similar to that already mentioned in the fi-og. Ifc is not proposed to deal 
with these ceiitnil changes in this paper, moi'e cHpecially as they are to form 
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the snhjeet (if a wimnvte commiinicalion. Tims, jiwt tvs in the 0|itic and 
spinal nerves of the frog, we have heie a continuous tract of material 
cxUiriding fi-om the central nervons syHt^m towards the jieripbeiy. In this 
the nui/iti-r. axons are laid down by tlie usual pi-ocess of chntmatisation (see 
fig. II), and here, as in the frog, the undifTercntiated portion of the sub- 
stance, which still remains as an envelojic for each axon, may prcjltably give 
rise to the medullary sheath, while the nuclei remain as the nuclei of the 
nerve sheath. 

Whenever cbi'omatiwitioii is completed, the resultant is a system of axons 
extending from the central nervous syst4^m out to the periphery. In (ig. 11 
one can with ease trace the chroinatised axons from the anterior cornu 
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through the white matter of the cord, and so on along the spinal nerve. 
This figure is taken frooi a tifth-day chick. By this time the axons take 
on stain freely, and ai-o thereby very readily demonstrated. 

(5) The Mode of REdENEitATioN of Nekve FimtFji coiiimueii 

WITH THAT OF THEIU NollMAL DEVELOPMENT. 

Tlio (jnoBtion of the i-egcnoration of nerve fibres is so closely aiMociitted 
with that of nerve genesis, that it was felt necessary to make an investiga- 



tion <m to whether the appearanceu found during the regeneration of nerve 
could bo observed to corresiKiml in any way with those which exist during 
iionual develo])inent. For this purpose Yif K. A. Fleming very kindly 
granted mc thu privilege of examining hiy s{>ucimens illustrating the 
regeneration of nerve tibres after pcriphcnil neuritis. 'I'liis olisurvur's 
work (lU) shows that thwo arc sti-ong gi-uuuds for iMiiieviug that the 
))eriphoral mode of regeneration is greatly in evidence in this condition. 
l>r Fleming umployud a moditicatiun of HtroelNj's stain, wliieh wus found 
to have a powerful colouring eH'ect oa the axons. Fig. 12 (taken from one 
of Dr Fleming's preiurations) represents a longitudinal section of the 
regenerating ulnar nerve fi-oni a otse of peripheral neuritis. A Httic aliove 



iriKt..tt.MI.-HiH nt N.TV« KilHVS 21 

tlic coiitrc of the figiii-e will Iw neen a dcepiy Bbnincd portion of a regenerat- 
ing axis-cylinder {clir. (ur.). iSoinewliiit below and to the right of thifl will be 
obRerved a cell-nucleus (tnic.), from one polo of which a pale, ftlinoet achro- 
matic, wavy prucewi may l>e olwerved to extend (<ichr. lur.). I consider this 
in \k the noFw^nt ochi-oitiatic Rul»Uinc<! whidi Iioh not yet undergone the 
pr<N;et« of chroinatiwition, so that it in no fur unallectcd by the fjti'oebe- 
The achromatic and c)iii>ntatiBe() phoHcs of the regenerating axon are 
tliei-ofoix; vfiry similar to thowe of the embryonic condition. 

There thus exists a remarkable analogy between the regeneration of 



nerve fibres and the normal development of those structures, as observed, 
for example, in the chick. There is in both instances a marked multiplica- 
tion of the nuclei along the line of the nerve, so that evidently these 
stnictures nuist play some very im{>ortant part in nerve gonosis. That 
this in mxhy so, in very soon proved by what follows, for these proliferated 
nuclei actively inetaboliso, and form a comimratively achromatic material 
which undergoes a proce-ss of chromatisation. Further, this chromatisation 
occurs in Iwth instances always in a longitudinal direction, and also appears 
almost simultaneously along the whole extent of the nerve, the complete 
continuity of the axis-cylinder being in this way established or re- 
established as the case may be. 
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(6) General Remarks. 

The observations chronicled in this paper serve to indicate tliat nei*ve 
fibres are not formed from one but from several cell-elements, so that we 
liave evidently to deal here with a cmnldvatimi of the centml and 
'pervplieral modes of origin. The sul)stanco supplied lx)th centrally and 
peripherally is a product of specific nuclear metabolism, which imparts to it 
its Hpeoific characters, the mature axon being laid down in this by a 
process of chromatisation. In this relationship it ought to l)e noted that a 
fidly deveUqycd and deeply staining axim can never he &een to gnno (mt 
from the cent7xd nervmis system; and, nfwreover, the groiviTUj end of a 
smrudic ner^ve haa never yet been descril}ed. 

Whenever the mature axons become formed, they are sharply marked 
off from the nuclei of the nerve rudiments, so that their previous important 
relationship t<^ these becomes markedly disguised ; in fact, they now 
appear to have no association whatever (fig. 11). Professor von Ijcnhossdk, 
with whom I discussed the question of nerve genesis, drew my attention to 
the fact that the axons are always quite distinct from the nuclei of the 
nerve AnUige, and therefore appear quite independent of the.se. I admit 
that this is certainly so after chromatisation is completed, but not in the 
early stages, as explained above. 

Probably a greiit deal of the difficulty in obtaining a correct intei-preta- 
tion of the histogenesis of nerve has been due to the non-recognition of the 
mature and primary origin of the substance from which the axons are 
formed. His (31) describes deeply staining axons as emerging from the 
central nervous system, and they appear so in his numerous drawings. I 
wish to again point out that these in all the vertebrate ty})es exaun'ned 
were found to be comparatively achromatic in character at their first 
appearance (see fig. 5). 

It is obvious that the mode of formation of the neurcm as described in 
this paper must result from elements which are both epiblastic and meso- 
blastic in natui*e. This conclusion is decidedly different from the 
acceptation tliat nervous tissue is exclusively epiblastic in origin. The 
three-layered condition of the etirly embryo has been vigorously insisted 
upon for many yeara, and, further, one has become accustomed to define 
certain tissues and organs which arise from each of these three primary 
layera The cell-elements constituting each of these layers appear to 
present exactly the same chai*acter, so that it is somewhat difficult to 
comprehend how it is that organs }X)ssessing al)solutely different functions 
are developed from the same layer (witness the epithelium of the lung 
alveoli and the pancreas). It is prolmbly much better to regaitl the 
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<1ovrlo|>iiig oiiiliryu im a lioiiiogcncouH w)io)c, noiuewliat utter tlie iden oi 
Sedgwick, niid to coimidcv tlie Rpecificity of structure and function wliicli 
in in>))ai'lcd U> the cell-elciiietiUt of tlio vnrifjuft tiRsucH ah being produced by 
npecitic iiuclcnr niebnbtjlinni. 

A great deal of dinciiwtiun ni-ORe at one time between tlie various up- 
boldent of tlie ct^ntnil and |MiripbvmI lIuforicH of nerve gcncsifl rcgar<lTiig 
tbe exintciice of cell-ntructui-e8 in tbc norvcR. Balfour (3 luid 4), IXibrn 
(14), Van Wijbe ((17), and Botlie (10), for example, Mtowed that the spinal 
motor i-ootrt aiv full of cell-clcmentfl; while Hia (31) and Kolliker (42) 
declai-ed that the axoiin aic at Ih-st free from iniclci, the latter growing in 



amongnt thoHe fi-oni the Ruvrounding tinRiicrt. Wlion one comes to analyse 
these results it is found that the different observers ai-e all mutcrially 
con'eet in their opinions. For the firnt four mode their iuvestigatiotm on 
embryoH of (ishenand birds, in all of which the motor ruotfl are full of 
nuclei. On the other baud. His and Ktiltiker were also correct, for His's 
obnervationn were made chiefly on linman embryos, in which t)ie motor 
roots are at Ki-st decidedly free from nuclei, while Kolliker's reaiiltfl were the 
outcome of a study of Amphibian embryos, and it )iaa Ijeen shown above 
that the motor i-oots of frog embryos ai-e at their first appearance absolutely 
devoid of cell -elements (figs. 5 and 0). 

'lliis reM^arch forms part of a prognunmc of work undertaken under 
the terms oE tennre of a Carnegie Fellownliip. It was begun in the 
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Anatomy Department of St Andrew's University, and completed in tlie 
Anatomy Department of the University of Manchester. To botli Professor 
Musgrove and Professor Young I wish liere to convey my Ixist thanks for 
many vahiable facilities granted during the progress of the work, as also 
to Dr Gustav Mann for much kindly help and criticism. I desire, further, 
to record my gratitude to Dr N5el Paton for the lil)eral use of the micro- 
photographic apparatus at the Royal College of Physicians Iiaborator}% 
Edinburgh, and also to Mr E. Watson for pi-eparing the series of micro- 
photographs fi-om which the figures (with the exception of No. 4) have been 
reproduced. The latter figure I owe to the skill of Mr Richai-d Muir. To 
Dr R. A. Fleming I am deeply indebted for the iLse of the section from 
which fig. 12 was reproduced. The expenses of this research and the 
cost of reproducing the illustrations were defrayed by a grant from the 
Executive Committee of the Carnegie Trust. 

(7) Summary and Main Conc?lusions. 

1. The material which constitutes the axon rudiments of the optic 
nerve and the motor roots of the spinal nerves in Amphibians and the 
chick is a prcxluct of the meta1x)lic activity of neuroblost-nuclei situated 
in the retina and spinal cord. This material when first formed, that is to 
say, in its nascent condition, is practically achromatic in its behaviour 
towards staining agents. 

2. Simultaneously with the formation of these, the nuclei along the 
whole site of the future nerve proliferate, and at the same time become 
separated by a clear substance which appears to be a metabolic product 
from these also. 

8. In this manner a complete tract of achromatic material is formed, 
which extends fi'om the nerve centre towards the jKiripheiy (or from the 
retina towards the brain in the cose of the optic nerve) and constitutes 
the nerve germ. 

4. This material, wherever situated, undergoes a characteristic process 
of partial clu*omatisation, in virtue of which it l)ecomes nnich more readily 
influenced by staining agents. This transformation occurs almost simul- 
taneously along the whole nerve. 

5. This chromatisation in the case of nerve occurs always in a longi- 
tudinal direction, and gives rise to the fully formed axis-cylinders of the 
adult nerve. The individual axons also exhibit a fine fibrillation, and thus 
we obtain an explanation of the origin of the ultimate fibrils. The 
achromatic material in the nerve rudiment becomes only partially chroma- 
tised, the result being that each axon remains enveloped in a thin layer of 



HiHtogoiioHin of Nerve Fibres 25 

undifferentiated RubRtance wliicli prolwvbly gives rise to the medullary 
sheatli, while the ultimate fibrilR likewise remain embedded in non- 
ehromatised material. 

6. A great deal of the difficulty with regard to the histogenesis of 
nerve fibre-s has lK.»en du<5 to a non- recognition of the nature and prinuuy 
origin of the material which gives rise to the axons, and imparts to them 
their specific charactei's. 

7. 'J'he results of this investigation possess some interest in relation to 
the great controversy which at present exists regaitling the question of 
nerve genesis ; for the nerve fibres in all the types examined were found to 
]ye fonned by a nymhivatum of the rrntnd and peripheral modes of 
origin. 

8. The pi-esont research has also a bearing on the much -discussed neuron 
doctrine ; for it serves to indiavte that the neuron is a composite structure, 
i.e. multicellular in nature, lx>th diiring the emlnyonic and the adult con- 
dition. The cell-elements of the nerve-fibre shetvth ought thus to be 
regarded as an essential part of the ncniron. The}' probably play some 
pjirt in its nutrition, as evidenced by the b<»haviour of their nuclei during 
regeneration. 

f). The various sUiges of the development of nerve fibres detailed in this 
pai)er l)ear a striking resemblance to those found during peripheral 
regeneraticHi of nerve (FK^ming). 11nis there is in Ixjth instances a pro- 
liferation of nuclei, succeeded by active metalx)lism whicli results in a free 
discharge of nascent achromatic material, the latter substance becoming 
sul>sef|U(Mitly chromatised. 

10. Some of the results of this research serve to assign to the nucleus a 
position of the highest morphological and physiological impc^rtance. Tliej^ 
confirm the olwervations which the author has already made in a previous 
paper on the neuroblast-nuclei of the developing retina. The cell-nucleus 
is a well -recognised centre of metalK)lic activity, the latter property l)eing 
a specially prominent feature of embryonic nuclei. Tlie primary product 
of metal)olism in the neuroblast-nuclei consists of an achromatic substance. 
I have already (12) termed this the viicleur nchromafin fnnciiAYti, and it 
appears to l)e very widespread throughout the tissues of the embryo. It is 
intended at a futun^ date to bring forward evidence of its existence in 
structures other than those in relation to the central nervous system. 



26 Dr John Cameron 



LITERATURE. 



(1) Altmann, R., "Bemerkungen ziir Hensen'schen Hypothese von der Nerven- 
entstebung/' ArcMofiir AncU. tmil Phyn,^ Aiiat. Abtlicil., 1885. 

(2) AstiiiBTON, R., " On the Development of the Optic Nerve of Yertebmta ami 
the Choroidal Fissure of Embryonic Jafe," Quart, Jour, A1m\ *Sct., vol. xxxiv., 
1893. 

(3) RAribX)UR, F. M., A Monograph of tJte Development of Elasmobranch Fishett, 
1878. Also in Phil. Trans. Roy, Soc, 1876. 

(4) Ualkour, V. M., Comparatim Embiijology^ vol. ii., 1881. 

(5) Ballanob, C. A., and Stbwakt, J. P., Tlis Healing of Nerves^ London, 190L 

(6) Brard, J., "Morphological Studies/' Quart, Jour, Micr, Sci,^ vol. xxix., 1889. 

(7) Bkrnard, If. M., ** Studies in tlie Retina," Quart, Jour. Micr. Sci., vol. xliv., 
1900. 

(8) Bbrnard, IL M., "Studies in the Retina," Qiuirt. Jour, Micr. Set, vol. xlvii., 
1903. 

(9) Bbthk, Aiiini., "ITobcr die Ncurofibrillcn in den Ganglienzellen von Wir- 
Iieltbieren, und ibrc Heziehungen zu dun (Jolgi-nctzen," Arcliio fur Mi/cros, Anojt.^ 
Bd. Iv., 1900. 

(10) Bbthk, Aum., Allgemeine Anatoinie uml Physicdogie ties Nervensystenis^ 
Leipzig, 1903. Also [mpers in Archio far Psych iatiie^ Bd. xxxiv., 1901 ; and in 
Neurdog, CnitralUatf, Jan. 1902. 

(11) BiDDBR, F., and Ivuimu'KR, C, Untei-Hiu-Jningen uber die Texiur des Riiclen- 
mark», Leipzig, 1857. 

(12) Cambron, J., "The Development of the Retina in Amphibia: an Embryo- 
logical and Cytological Study," in tliree Parts, Jour. Anat. and Phys., vol. xxxix., 
1905. 

(13) Gaubron, J., "The Development of the Optic Nerve in Amphibians," 
Studies from the Anat. Department of the Lhiivertfity of Mancliester^ vol. iii., 1906. 

(14) DonuN, Ani'ON, " Ucber die crate Aniagu und Entwickelung der motor- 
ischen Riickcnmarksnervcn bei den Selacbicren," Mitiheil, ausder Zoolog. Station zu 
Neapel, Bd. viii., 1888. Also Ikl. xv., llefte 1 and 2, 1901. 

(15) Edmunds, A., Moit, F. W., and Halliburton, W. D., "Regeneration of 
Nerves," Jour, of Phys., xxxi. ; and Report to Brit. Me^f. Assoc, 1904. 

(IG) Flbmino, R. a., "The Peripheral Theory of Nerve Regeneration, with 
Special Reference to Peripheral Neuritis," Scott. Med. and Surg. Jour., Sept. 1902. 
Also in Proc. Sadt. Micros. Sac, 1902-1903. 

(17) Fraqnito, 0., "Su la Genesi del Prolungamenti protoplasmatici della 
Cellula nervosa," Annal. di Nevrdog., Anno 22, F. 4. 

(18) Fraokito, 0., "Su le Vie di Gonduzione nervosa extraccllulari," Annali di 
Necrologia, 1904, F. 5. 

(19) Froriep, a., " IJelxjr die Entwickelung des Sehnerven," Anat. Anzeuj., No. 6, 
1891. 

(20) Gaskkll, W. TI., " On tbe Origin of A^ertebrates," Jour. Anat. and Phys,, 
vol. XXXV., 1900. 

(21) Harrison, R. 6., " Ueber die Histogenese des peripheren Nervensystems 
bei Salmo solar" Archiv fiir Mikros. Anat., Ivii., 1901. 

(22) Harrison, U. G., " Relation of Nervous System to developing Muscidature 
in the Frog,** Amer. Jour, of Anat., vol. iii., 1904. 



IliHto^enefliH of Nerve Fibres 27 

(23) IFnAn, II., anil Ham, C S., "The Processes Uint Uike place in a completely 
isolated Sensory Nerve," Jotir, of Physiol , xxix. 

(24) Hrlu, Hans, " Beitriigc zur Struktur der Nervenzellen und ilirer Fortsatze," 
Arrhir/vr Anat, uml Phijs,, Aiuit. Abtli., 1895. 

(25) Hku), IIanh, " HcitniVe znr iStriiktur <ler Nervenzellen und ilirer FortsJitze," 
Zweite Ahlinndlnn^, Archivfiir Anaf. nwl Phyti,^ Anat. Abtli., 1897. 

(26) Hki.I). IIanh, " lU^.itriiKe zur Struktur der Nervenzellen und ilirer Fortsiitze," 
iHitte Abliandlun^, Arrhiv fiir Aivit, wnl J^hi/M,^ Anat. Abtli., 1897 (supplement). 

(27) Hknhrn, v., "Zur Entwiekelung dei* Nervensy stems," VirrJtoto^g Arcliiv^ 
No. 30, 18G4. 

(28) Hrnhkn, v., " Heoliaclitungen ul)er die Hefruclitung und Entwiekelung 
des Kanincliens und Meersnliweincliens," ZeiMirift fiir AiuU. und Entwicky 
lid. i., 1876. 

(29) HiR, W., Untersuthmu/eii iil)er die ertite AiUatfe des Wiritelthierleibcs, Leipzig, 
1868. 

(30) Ills, W., "Uelwr die Anfange des pcripliercn Nervensystems," Arehiv fur 
Anat. und Phi/s., Anat. Abtli., 1877. 

(31) HiH, W., ** IJelwr das Auftreten der wcissen Sulwtanz und der Wurzelfasern 
am liiicke.iiHiark mensftlilielier Kmbryonen," Archit) fiir Anat, uwl Phi/H,^ Anat. 
Abtb., 1883. 

(32) His, W., Avaiomie vmtsrhlirher Kmhrj/onen, Jjeipzig, 1880. 

(33) lIiH, W., "r)ie Kntwiekehnig der ersten Nervenljalinen beini menscblicben 
Kmbryo : Uebersicbtliclie Dni-stellung/' Arehiv fiir Anal, und Phys., Anat. Abtb. 
A1j*o in Pror. BHt. y1«<of., ^lancliester, 1887. 

(34) 11 m, W., "Die Neuroblasten un«l dercn Kntstebung im ombrynnalen ^lark," 
Archivfiir Anat und Phys,, 1889. 

(35) His, W., " HisUigenese und ZuRammenliang der Nervenelemcnte," Arehiv 
fiir Anat, uml Phys.^ Supp., 1890. 

(36) HoLMGRRN, E., "Studien in der feincren Anatomie der Nervenzellen," 
Anatom, Uefie, 1900, Ikl. xv., Heft 1. 

(37) HuiR, Lilt, "Changes in the Cell-oi-gans of Drosera roi%tnilifolia proiluced 
by feeding with l*^g-albumen," Quart, Journ, Min\ Sci., vol. xxxix. Also a paper 
in vol. xlii. 

(38) KRiDEii, F., " Ueber die Entwiekelung der Sehnerven," DetUsche Med, 
Wochensrhrift, Fob. 1889. 

(39) Krrh, J. (lUAirAM, "The Development of Lefiidosiren parailoxa," Quart, 
Joum. Micr, Sri,, vol. xlvi., 1902-1903. 

(40) Kbuk, J. (xRAHAM, "Oil S(»nie Points in the early Development of Motor 
Nerve Trunks and Myotcunes in Lepfdosiren paradoxa," Trans, Boy. Soc, E*Iin,j 
vol. xli., 1904. 

(41) Krnnroy, R., "On the Regeneration of Nerves," Phil. Trann, Roy, Soc,^ 
Ixmdon, 1897 and 1891. 

(42) KoLiiiKRU, A. von, " Ilistologischo Studien an 13atrachier-larven," Zeiischr. 
fiir wi»se}fsrh. ZfW^., }U\. xliii., 1886. 

(43) KoUiTKRR, A, VON, " Zur feineren Anatomie dee centralen Nervensys terns," 
Zntschr.fiir wisscnsch, Ztml.y Ikl. li., 1891. 

(44) KoiJiiKRR, A. VON, " Ueber die Entwiekelung der Nervenfasern," Antd, 
Auz,f }ii[. XXV., 1904. 

(45) KofiiJKRR, A. VON, Kniwu!h'€lunfj»geschit:hte des Menschefi uml der hiiheren 
Thiere, Leipzig, 1879. 



28 Dr John Cameron 

(46) Lanotjey, J. N., and Anderson, H. K., '* On Autogenetic llegencnititm in the 
Nerves of the Limbs," Jour, of Pliys,^ vol. xxxi. 

(47) Lbnhoss^k, ^[. yon, "Die Kntwickelung dcr Gimglienanlagcn l)ei deni 
menschlichon Embryo," Archivfur Anat und Phys,^ Anat. Abth., 1891. 

(48) LiGinEiiKOiiN, N., ''Beitriigo zur Anatomic dea embryonulon Auges," Archir 
fur Anat. wkI Phijs,, 1879. 

(49) LibbbrkOhk, N., Ueber das Aitge (lea Wirhelthierernhn/o, Oasbo), 1872. 

(50) Mann, G., "The Functions, Staining Ueactions, mul Structure of Nuclei," 
Proc, IML Assoc, 1 892, Section D. 

(61) ^Iann, G., "Histological Changes induced in Sympathetic, Motor and 
Sensory Nerve-cells by Functional Activity," Jour, Anat. and Phys., vol. xxix., 1894. 

(52) Marshall, JL M., "On the Early Stages of Development of the Nerves of 
Birds," Jtmr, Anat, and Phys., vol. ix., 1877. Also in Proc. Boy. Soc, liondon, 1877. 

(53) MoNOKBBBRO, G., and Bbthb, A., " Die Degeneration der markhaltigen 
Nervenfasern der Wirbelthiere unter hauptsachliche Benicksichtigung des A^erhaltens 
der Primitivfibrillen," Archivfur Milcros. Anat., lid. Ixiv., 1899. 

(54) MOllbr, W., " Uel)er die Stammcsentwickelung des Sehorgans der 
WirlHilthiorc," Fedgalm Carl fAulwiy, lj&\[m^, 1874. 

(55) Oru, 11., " Note (m the Development of Amphibians, chiefly concerning the 
Central Nervous System," Quart. Jtmr. Mier. Set., vol. xxix., 1889. 

(56) Patbrson, a. M., " On the Fate of the Muscle Hate and the Development 
of the Spinal Nerves and Limb Plexuses in Birds and Mammals," Qtiart. J(mr, Alter. 
Set., xxviii., 1887. 

(57) Ram<5n y Cajai^ S., "La Retine des Verti-bros/' La Gelltde, t. ix., 1893. 

(58) liAU()N Y CAJAfi, S., " Sur la fine Structure du I^l>e optiquo des Oiseaux, et 
sur rOrigine rc^.ele des Nerfs optiques," Intenuit. Monatschr. Anat. und Phys., Ikl. 
viii., 1891. 

(59) UamiSn y Cajal, S., " Sur la Morphologic et les Connections des Elements 
de la Ratine des Oiseaux," Anat. Am,, iv., 1889. 

(60) Hbmak, R., Untersuchunyen iiher die Kntioickdunq der Wirbelthiere, Berlin, 
1851. 

(61) Rbtzius, G., " Untersuchungen iiher die Norvonzellen der cerelirospiiialon 
Ganglieu und der iibrigen i)eripherischcn Kopfganglien mitbesonderer Uiicksicht auf 
die Zellenausliiufer," Archivfur Anat, uwl Phys., Anat. Abth., 1880. 

(62) Robinson, A., " On the Formation and Structure of the Optic Nerve and its 
Relation to the Optic Stalk," Jour. Anat. ami Phys., vol. xxx., 1896. 

(63) SBoawiCK, A., "On the Cellular Theory of Development," Qtuirt. Jour. 
Micr, Sri., vol. xxxvii., 1895. 

(64) ScHULTZB, O.^ " Nachtrag zu meinem auf der Anatomenversammlung in 
Jena gehaltenen Vortrag ttl)er die Entwickelung ties peripheren Nervensystems," 
Anat. Anz.^ Bd. xxv., 1904. 

(65) ScaiT, F. H., "The Structure, Microchemistry, and Development of Nerve 
Cells," Trans. Canatl. Instit., vol. vi. 

(66) Wallbr, a., " Exi)eriiuents on the Section of the Glossopharyngeal and 
Hypoglossal Nerves, and Alterations produced in the Structure of their Primitive 
Fibrils," Trans, Roy, Soc,, London, 1850. 

(67) WiJBB, J. W. VAN, " Uelier Somiten und Nerven im Kopfe von Vogel- und 
Reptilien-embryonen," 2jOoI, Am., 1886. 

(68) WiJiiK, J. W., VAN, Ueber die Mesodei^}isegmente wul die Etdtpiekelufuj der 
Nerim^ des Sdachierkopfes, Amsterdam, 1882. 



llmld^ciK'MiH of Ncrvti ^ihrcw 



2!) 



EXPLANATION OF FKUJUES. AimRKVIATlONS. 



<p'hr. ax. acliroiimtic axon. 
anl, roof, tuitcrior root of Bpiiial norve. 
a.r. anterior nwt of spinal iiorvc. 
refit, ran, rentral cnnal of npinal cor<l. 
r.r, contnil canal of spinal I'onl. 
rhr. ax. chroniatised axon. 

i.l.vi. internal limiting membrane. 
k. karyokinetif figure. 
leiis i-rystalline Ions, 
f/i.r. R])inal motor root. 



vn/o, myotome. 
Hffio. iiottM^hord. 
nur. nucleus. 
»ftr. arhr. nuclear achromatic 8u1)6t:incc. 
**;).n. optic nerve. 
op.n*f, (»ptic nerve fibres. 

it/^r. spinal cord. 
Hp.ija. spinal ganglion. 
W.d. Wolflian duct. 



All tlio micropbotograplis were taken with the |V oil-immersion lens except 
figs. 3, 6, ^, and 11, wbicb represent wmiewbat lower jKiwers of magnification. They 
were prr|Kired from sections stained with iion-alum-hiematoxylin. 

Fig. 1. The two nu«'lei alnive the letter (a) are situated in the site of the future 
retinal ganglionic layer. A little to the left of these two nuclei a thin layer of 
delicat4) optic, nerve fibres may Ihj olmervcd lying close io the internal limiting 
membrane (op.n./.). Olwerve t\\sn the first rudiments of the visual elements in 
the form of clear mdiromatic ghdados lying close to the external (loles of the nuclei 
ill the external nucle<ir layer, llelina of the li)th day frog-embryo. 

Fig. 2 shows the jmssage of the optic nerve fibres from the ganglionic layer 
through the retinal wall, and so on towards the brain. Frog-embryo at the 21st day. 

Fig. l\. A tninsverse section of the spinal cord of a 15th day frog-embryo. 
Note firstly its relation to the large notochord ; alsr» the two spinal ganglion rudi- 
ments on either side. As yet there are no tmces of the motor roots. 

Fig. 4 shows the H])inal nerve rudiment in a frog-embryo at the same date as 
that in fig. 3. The arrows are placed alongside the developing nerve, and have 
their points directcil towards the |H5riphery. The nerve will be observed to course 
forwards by the side of the n(»tochoitl, and then Ijend sliarply outwards round the 
myotome and liehind the Wolllian duct. 

Fig. 5. The motor root has now ma«le its aj)]>earance in the form of a clear 
achromatic snlistance. 2()th day frog-end>ryo. 

Fig. G shows chromatisation of the motor roots. 30th day frog-embryo. 

Fig. 7 shows the condition of the spinal cord, spinal ganglion, and surrounding 
)ieriphond tissue in a 50th hour chick. No traces of the motor root. 

Fig. 8 from a 60th hour chick. The motor root is now developing. 

Fig. 9 is a jnore highly magnified view of the motor root shown in fig. 8. 
Note the mitotic figure and the i>erinuclear material. 

Fig. 10 is from the same embryo, and shows active formation of the spinal nerve 
itself far out towards the |)eri[)hery. The arrow is ])ointing in the latter direction. 

Fig. 11 shffws chromatisation of the motor root and spinal nerve in a 5th day 
chick. 

Fig. 12. I/Migitudinnl section of regenerating idnar nerve in peripheral neuritis. 
Achromatic and chromatiscd phsises of the axon are shown. 

Ntd/!. — Tho a^grogatioiiH of chromatic niatorial at tlio aAHimilativo poles of the neuroblast- nuclei 
in fiR. 1 have not reproihicrd well, owing to a genrrtil blurring of the nuclear stniRture. Great 
fUnicuUy wan alfto rx|)cncnccd in socuiing a Huccessful reproduction of the achromatic material in 
ligK. 1, 4, 5, and 12. 



NOTES ON THE ANATOMY OF AN EUNUCHOID MAN* DIS- 
SECTED AT THE ANATOMY SCHOOL, CAMBRIDGE, DURING 
1905. By W. L. H. Duckworth, M.D., University Lecturer in 
Physical Anthropology, CmnbHdye. 

This subject is a tall, obese male (fig. 1), shown by the appearance of 
the external genitalia to bo eunuchoid. The following notes have Ixien 
made on this case. 

(a) Age returned as 87. 

(b) Oen&i*al Extenud Features. — As mentioned above, the body is 
obese; the hair of the head was white, as is to be expected at the advanced 
age of the subject. The countenance is absolutely glabrous, and no ap[)ear- 
ances of the epidermis give any indictition that the subject htul ever shaved. 
The torso is remarkably feminine in appearance in its lower jxirts, but the 
breasts are not unduly developed. A small warty tubercle, 200 mm. 
below the left mammilla and vertically in line with it, may be an 
acceasory nipple. 

The suprapubic fat is so abundant as to produce an eminence in this 
region which simulates the mons veneris of the adult female, ^riie pubic 
hair is scanty {cf. fig. 2). 

The penis and scrotum are extraordinarily diminutive j the former is not 
completely covered by the prepuce; it measures 8() nnii. in length in the 
retracted condition, and the glans is small. The organ resembles that of the 
anthropoid apes. 

The scrotum is correspondingly small and the raphe inconspicuous. 
At firat no testicles were detected, but subsequent examination revealed 
their presence in the scrotum. For details of their conformation, 
V. infra. 

The chief point of imi)ortance in connection with the limbs is the 
feminine feature of unusually short forearm, the nvdio-humeral index 

( — — — j providing the very small and characteristically feminine value of 

67*1. The thighs are somewhat feminine in appearance, as the adi[K)se 

1 Subject No. 4 : Lent term 1905. 
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deposit liaB mnnked the conUmtfl ol tlio several iiiuncular iiiosacn. 

following iiieasureiiieutfl were miwle:— 

SULiiro 17 1 7 iiiiri. 

Span 1792 „ 

Ann 369 ,. 

•Forennn ....... 241 „ 

Tr«)clinntci- to intcriinl ninlleoluH 458 ,, - 

Tibia 440 „ 



{r.) Thf. diiweclMn. of fkin Huhjfft jnovided tui uimsual number of 
nnunmlio'*. Tbc gcnitivlia will be firat conHidcrud. 

'llic Hpei'iiiatic cord in present on ciu:li (tide, and m mtlicr lar^r tlian 
UHual, owinjf to an abundant Fatty dcponit. Kiicli coi-d apiwius to end 
blindly in the Bcn)tuin, bnfc dinst^ction reveals the pi-eHuiice of a sniall tcflticlo 
on each side, the dimeiiBioiis bein^ approximately' 17 mm. in height, 14 mm. 
from before bnckwarda, and 7 tum. in width. In each case a hydatid body 
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is present, and at t)ie base of one teiitia an extiemely liiird cnlcitiuil iiothilc 
ot the size of a grape-stone was (Jiscovci-ed, An cpiilitlyiiiiu in alao present 
on each side. The procosana vaginalis is continuous with the tiniica 
vaginaliu testis, so that the infantile condition is licie retained. No 
veaiculm seuiinalcs exist, tliough each vos is somewhat dilated jnst licfore 
its tcnnination in the urethra. 

Tlie prostate gland is not enlarged : the appearances in tlio floor of the 
pixistatie urethra are noi'nial. The bladder wall is thickened, the pnntutic 



na. 2. 

plexus of veins is enlarged and somewhat varicose. No anomaly is detected 
in connection with the urettirie apertures in the bladder. 

The small penis lias distinct though small crura, covered by a stiittum of 
muscular librea attached, like the crura, to the ischium and pubis. 

The urethral bulb is suii'ounded by a representiitive of the M. ejaculator 
uriniB, which calls for no H{M!ciivl comment. I'ortioim of the testicles and 
prost^itu were removed for histolnglcal examination. As the cadaver luw 
been prepared in the ordinary way only for the dissecting-room, the tissues 
are not in perfect condition for microscopic study. Nevertbelesa it is 
clear that the testicular tubules ai'c dense fibrous cords without himeii, and 
containing many nuclei aggregated at their centi-es. Blood-vessels are 
fairly numerous, though rather less plentiful than in the normal subject. 
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The ei)idi(lyiiiea consiBt of tubulcR witli thick fibrous walls, and their 
epithelial lining is replaced by iibrous tissue. The lumen is very small. 

Sections of the highest portions of the testes show that the wall of the 
vas deferens is thick and fibrous ; the pampiniform plexus of veins is distinct. 
In the foregoing respects the testes resemble those of eunuchoid 
pei-sons. - The chief diflbrence between the present case and the example 
descrilK'd by l)r Joseph (Jriftiths* lies in the fact that fibrosis is more 
marked liere, the subject being of an advanced age and thus contrasting 
with the youth of twenty-two examined by Dr GrifHths. The prostate 
gland appears unusually rich in fibrous tissue, with corresponding poverty 
in glandular elements. Herein too this case agrees with that to which 
reference has just been made (Griffiths, o}). cit). 

(ft) The t^kAeUil SyMein, — The left hand provided a most perfect example 

of the complete independence of the os centrale carpi. The right foot is 

furnished with a sepai-ate and special ossicle at the proximal end (and to 

the fibular side) of the metatarsal bone of the hallux. 

(r) Tlte MtLf<cid(ir System : — 

(i.) The M. rectus abdominis presentcfl four tendinous inscriptions,where- 

nf thret^ are alH)ve the umbilicus and one below that structure, 
(ii.) \\\ the left upper limb a iiuiHcular and tt^ndiiums slip connects the 
long head of the M. triceps with the M. teres major. The slip passes 
from the outer border of the long head of the M. triceps three- 
(piarters of an inch from the origin of that muscle to about the 
mid-point of the posterior aspect of the M. teres major, 
(iii.) The M. biceps is connected by a muscular slip to the M. supinator 

longus. 
(/) l%e NervoxLs System, — The cutaneous branch to the radial side of 
the pollex arises from the musculo-spiral nerve and traverses the M. 
supinator longus on its way to its destination. 

The brain has not been available for examination hitherto. 
{(f) The VdscuUii* System : — 
(i.) There is great cardiac hypertrophy ; the circumference of the organ 
in the auriculo- ventricular groove measures JJ40 mm. ; and the arc 
from this level and round the interventricular groove measures 
220 nnn.2 
(ii.) The right subclavian artery arises from the thoracic aorta, thus 
furnishing a demonstration of the morphological history of the 
normal aortic trunks. 

' Jourfuil of Anat4>my and Physiologyy vol. xxviii. p. 221. 

' For tills note, as well as that referring to the pancreatic ducts, I am indebted to 
Dr E. Barclay-Smith. 

VOL. XLl. (TIIIKD 8KR. VOL. II.) — OCT. 100(5 3 



34 Anatomy of an Eunuchoid Man 



r 



(iii.) The right connnon carotid artery, as is usual when the preceding 
anomaly obtains, has a sepirate origin from the subclavian artery, 
and arises independently from the aortic arch in its tnms verse 
portion, 
(iv.) There is a very definite tortuosity or sigmoid flexure of the internal 
carotid artery of the left side, conniiencing at about 25 nnn. alM)ve 
the origin of this vessel from the common carotid artery, 
(v.) In the left upper limb the posterior circumflex artery arises in 
common with the superior profunda artery, and reaches the back 
of the limb by passing beneath the M. teres major, 
(vi.) The internal jugular vein is pierced by the spinal accessory nerve at 
a level corresponding to the tortuosity .of the internal «\rotid artery. 
(A) MiHcdlanea, — The pancreas presents the rare anomaly of concurrent 
existence of the two ducts (of Wirsung and of Santorini : cf, Minot, Huiruin 
FJnihryology, p. 767). This constitutes the retention of a fii^Ui] ccmdition. 

Coiiclwrion and Sv/minary. — This is an example of arrest of the 
development of the external genitalia at a stage anterior to puberty. Not 
only have the testes failed to develop in size and structure, but they have 
even been subject to degenerative changes not unlike the se(|uels of chnmic 
inflammation. Inflanunatory changes are not unknown in the testes, as in 
the metastatic form of mumps (parotitis); but tlien, as Dr (h-ifliths has 
pointed out, the condition aflects one testicle only. Here the change is 
bilateral. 

Such imperfect development of the sex-glands, together with the hick of 
hair on the face, pubes, etc., constitute the eunuchoid condition. It is a 
variety of infantilism, and closely allied to the cryptorchid conformation. 

Anunon ' luis shown that in (jerman conscripts aliout *) in 10(K) (<) per 
cent.) possess testes of less than normal size, and therefore presumably im- 
perfectly developed. Defective development in stature and in hirsuteuiiss is 
commonly associated with such imperfections in the testes. In only one in- 
stance among nearly four thousand cases has Anunon oUserved the condition 
in an individual of really tall stature (over 1760 mm.). And Amnion further 
observes that whereas in some of these cases the lapse of a few more years 
sufl^ces for the development to take pl«ice, yet in a few insttinces the arrest 
is permanent. The individual lu;re descrilKMl enters into this witegory, and 
hence is justifiably described as an example of the eunuchoid variety of 
infantilism.* 

1 0. Ammon, JJ Anthropologies 189G : '* L'liiftiutilisiue et le Feniiuisnie an Coiiseil de 
R^visiuii * 

* Other iin|X)rtant article:} are as follows: — Meige, VAutkro^tolocfie, 1895: "IVInfan- 
tilisme, le FiSminisiiie ct les Hcrniaphrmlites antiquos.'' (hirliug. Art. ^^Te^^licle" in Tcnlcrs 
UyclopvMlia of AniUomy and PhtjsioUHiy^ vol. iv. pp. 991, 992. 
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OOIMUM IN 'I'HK MAMMALIAN HAND AND FOOT. By 
Waltek Kidi). mix, F.Z.S. 

TiiK jiieneiit coiiiniunicntion ni-isDs out of a ixvpcr i-eiitl before the Amitoiiii- 
cal Society in February 1005 on liultricatioii of tlic Pupillary Ridges in 
Man. ThiH i)lieiioiiiBiioii is fouiul to exint in u considerable mniibcr of other 
Hniinnals, and it has been liore studied in connection witli the papillary 
layer of the conuni in a largo number of species. Upwards of seventy 
HjMiricH, iM-sidcH S(^veral lunrian subJcctM, have Iteen inicfOHcopicjvlly examined, 
and the most notable of these results, reduced to in icix) photographs, are 



Ki'!. i. — FftT«gale}<eHidlfHla. k1«}. I'litl) I. Tuniiiniil iilinlaiix ; l'ni([IU)<Iiiia) 
mttHiii tliriHiKli cinnm iiikIkIph itovitrhif; rliwily tlin iiUiitnT wirrnri', itxcr|il 
nvrr tlir liiwl. (iriHi|M iif ]in|iilln: Ifiiiilnl tosstti^ln iioilnio iif PiriilnriiiiK ; 
iiiU<rvciiiti)( imrtiiiiiK kIiuw )ii> )<iti>illir or Imiiil* iif |iiKiiiciit ({niiiiilMi. Tlirso 
litiuli bIiiiwh alMi in two ■{wii'H of llnnnpiit Mill in iKiii/prHimim mfi-iirrvi, 
mill urn riiiiml 1><illi in mniiuH unit |ini uf I'rttvg-'lt iitaiciitida lint iiiucli lu« 
lU'liiinl ill iiiniiiiB tliati in |icii, 

hei-0 lii-onglit forwHifl to ilhiHtmte tho variatiims lioth of the [Hipillary ridges 
and the iinpillnry layer of the corinni. The groups examined are Marsupials, 
l'>lentHt(W, Itodents, (.'■nrni vonia, Hyracidiw, Insfctivoi'cs, (Ihii-opteiiv, and 
IVinmtos. The sections made have Item niowtly fi'om ntaterial kindly 
Hui)plied by the Pi-oHcctor's 1 )eptvrtiiient of the Z<xilogical Society's Qnrdens. 
'Iliey have Ijeen hardened in alcohol, and cut so as to be in a %'ertieal plane 
with the palmar and plantar Hurfiiccs, and, when it haA been possible, at right 
angles tn the lines of the {xiptllary lidges. Careful note lias been kept as 
to the direction of the imbrication of the ridges when it exists, whether 
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proximal or disbU. It hna been my endeavour to show this coai-uer part of 
the minute anatomy of tlio ukiri-titriictiires in tliese vui'it»l animal forms, tliu 
outlines of the papillary ridges and papillary layer of tlie corinm, rather 
than to deinonstrata by diilicato methods the norvo-ondiiigaandnurve-tibrilH 
found in these structures. The individual specimens illustrating this paper 
tiave been chosen out of u large number (over 700) aa )>cing calculateil best 
to demonstrate the exceeding variability of the papillary ridges and tbu 
papillary layer of the coritiin, es[)eciatly the latter, tuitl in most catiOH tlioy 



have been chosen because of showing the most highly developed arningc- 
ments of tlictie structures. It will lie observed by a reference to the 
illustrations that the highest degi-ces of development correspond closely 
with the most sensitive areas of the hand and foot of the different species. 
In many of the i llu strati oi is the Malpighiaii layer of the epidermis and the 
openings of the sudoriparaua ducts present a ati-oiigly marked row of pro- 
jections into the conum, and they arrest attention more than the papillai of 
the corium because of the amount of pigment contained in them, but they 
also serve as a useful background to show up the outlines of the papillse 
beneath them. 



)'»|iill(U-y ltiflj;c« null Pnpilliiiy fjiiyor of tho Coritiiii 



O. i. — UrtHt awm'f"«H*. x2C. Hi 
tinnk ciiiHfniiiii, i>rnii<K»I >)• rrxU 
rclattvi'ly ■mall Iiut Blmr|i-|niiitnl. 
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This pviiicular tteries of illustrations is taken fioiti forty speciea of 
inaminala, and about 400 acctioiia have been inado fi-oiii thciii. Tliu inuHt 
marked features of the individual species have been choaen for ilhistiution, 
but in many of the less strongly marked sections whicli are not here 
brought forward, the results have been cjuite as iuHtructive fi-oni the point 
of view of HHSociatcd function. 



Via. G. — LtUra wigarit. x SO. Maiitu D 3. Tenuiiial plialuux, ImiKitiiiliiial ■outiuii llirouftli 
u gruu|i uf nidimcntaiy ])ii)iil1uiy ridKCS' Siirfiua onvoroi] Willi aculia, uxceiit tX diatul iinilt uf 
teniiiuul plialaiiues, wlicro riilgcs ua bIiowu. TIiu ajMiciiiiun ahovra that un tliu jiortiuii i>r ekiii 



itiisciit, ttiJil tlis paiiilla of the corinm jll-di!Vvl«|iv<l. 

•Such variable results iw these in Kcvct-al /xxjhigieid groups inight l>e 
cloflflilie^l and intcrprete<l in several ways, but the point of view fn>ni which 
they ai'e here considered is the connection of the papillary ridges and 
papillary layer of the coriuni with the sense of touch. 

'Die pads found on the ventral surfiices of the niannnalian inanus and 
pes have Ixen identified by such writei-s as Wildei-s, Whipple, and Schlagin- 



I'n|.ill»iy !(!•)•,'•■» <umI )'»).ill»i'y I^i.yrr of lli.^ (^.linin Hi) 

Iinufen an " walkii)}r-pai)H,'' and nn orgnrin with a definite function rstlier 
thnn vnrialionn nccoiidary to inorpliolojficivl cluviigea Being coinpoFted of 
Iiard fnt tii which nitich filii-onn tiwine is iiiternpei-seil, they have clearly 



B. — A'i/rfi(riH» j-imiiUii*. xSO. I'l* 
|>n-iilii'li iiiirl "IIP of fi'/iftirebiin larititji 
nig, tmiiiliil, I'liMdly net |iniii1Ini iif tlii' i 



the iiriiiiai-y fniiction of acting; i\n "hiilteiH" in the moveinentn of the 
animal jionNcnning tlicin. This ninipie fintclioii \n seen in the loww ^oupa of 
Mannnaltt, but bucoiiicH iuHigiiilicnnt an the higlicr Priuiaten are approaclicd- 



k 2(i. I'm 1) 3. Tcniiinnl i>li»l«iix, tniiisvarHe ncction. 



Hut the jMiptllary ridgofi, wliich uiuloHhtcdly are aasociated with these 
offjans in the earlier «tngcs of devcloinncnt, and are always more highly 
developed wheie the phalangeal, i«vlmar, and plantai- jMidB are found, have 
l»een liy tnoHt recent writem bno nuich identified with tlio mechanical 
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functions which tliey subserve. Gallon, Lydekker, Wihioi-H, Whipplu, 
and Hepburn all dwell much on the functions of the ridges in raising the 
moutlia of the andoriparous ducta, or in forming a roughened surface which 
will iwaist the prehension of objects with hand or ftxtt ; and tliey have 
exalted these mechanical functions at the expouse of that which seems to 
me to be their primary function, viz. to increase the efficiency of the sense 
of touch whether in walking or in prehension. 'I'lie ridges have iudeed 
been termed "epidermic ridges," and "friction skin" is the term applied 
to the ukin where these are found, instead of the older and, Ba I desire to 
show, more correct terra, "papillary ridgea." The effect of this miduo 
importance attached to the mechanical functions of the ridgcH m tu weaken 



u. S.—Cercopilheinu taUUrichut. x 2r>. M&nua. I'ulinar aui'fuce, [mil on 
ulnar side over carpua ; langitudiual aoctiuii ; iiubricatiuii uf [iB|ji1liiry riil^ 
)iiiixiiiiul ; {uiiiilla ut onriniii birurcstod by u|iciiiiiK» of Hiidurijiuruiin diiutn. 



indirectly the iin[>ortanco of the [Xipillary layer of the Mirinm as the 
essential organ of touch. This indirect iuHucuce may not be iiitendu«l by 
the winters in ([uestiou, but it exists, and one object of the pt-csent aciiea of 
observations has iNten to show the intimate association in function iKstweeii 
the papillary ridges and papillte of the curiinu. 'I'hu evidence afforded 
by tliese sections of skin in favour of the connection of the ridges and 
papillte with the sense of touch, must necessarily )>e only anaton^ical, 
and must I'est only on inference rather than direct physiological pn>of. 
hVom the nature of the case it is evident that ilelicate pliysiologicivl 
experiments cannot he can-ied out on the tactile sense of wild animals, 
even though they bo living in captivity. But a high degi-ee of pi-o- 
bability, amounting almost to demonsti-ation, may, I submit, be attained 
from the study of the minute anatomy of the skin in these species 
brought forward. 

A short summary of the results obtainwl will suffice to di-aw attention 
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to tiie main puiiitfl. Cerbiiin of the lower gi'oiips, MarsiipialR, Kdeiitates, 
Rodeiitfl, uiul Cnniivoi'CH. profleiit oit the pnliimr and plantar nurfnccB, varying 
foi'inH of HCJilcR, noduluH, and itxl-like extcimiuns of tlie epiderniiH, and only 
two R|>eci<!n ont of t)ieflo onl«rH liavo Ivcen foinid witli papillary lidges, and 
in boDi ciwcH tlienc liarc boL'n distribntcd partially over the Surfaees: 
thc«e two nn: 1 Hdclpliys awvni! and (A.M'coleptoH ciuidivDlvnlnn. Nevuithelefia 
iicai-ly all thvHc, except the few i-odentn examined, present highly developtHl 
papilliB of the coHinn ; and whui-evcr in these or higher foniia the ridges are 
well niarkwl, the jtapilliB are niHO well marked. It in not necessary to 
di'line what one means hy a high degree of development of the papillary 



Frii. 0. —JlylabaU' lor. 



ridges, for this is readily apprehcntU'cl, hnt the (lapilln) of the eorinin rcfiuirc 
to be refen-ed to {tarticularly. There are two main types of form of the 
pnpilltB, the slmrp-^wiiited and long type, which extend cloie u]) to the free 
nnrfftfc of tlie epideniiis. This is most evident in the Carnivoi-es and in 
six Ijemni-oids examined, and in certain of the higher Primates. Another 
feature of this higher fonn of papillary developnieiit is the closeness with 
which the |)n])i)ln> arc set in some (onus as conipoied with the widely 
se)KU-ate() arrangement in other forms. These three featnrea, length, 
tu-nteneM of the, mujle, and eUme ponifitm, distinguish what are here held to 
l>c high degrees of development of the papilhe of the coriimi. In tlie lower 
degrees of development, such as are aeon in Kodents and one Insectivore and 
a few Priniati's, there are either no papillary ridges or rudimentary ones. 
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and the papilla of the coi-iuiu are short and flattened at tlieir apices. 
These more rudhnentary forms of rid^a and papillas are shown almndantly 
in the sections referred to at the commencement of this paper, which liave 
been taken front species with high degrees of development in certain 



Proxinial iihalaiix, iili 
jniiillary ridgui wull iiuttkol; mucli ilillir 
lupi'lliEorooriuni luwtntl irrugulHrly-ft: 



irJratul ill ilJKhil ilircctiuii ; 



rogiona, but which arc themselves of lower development, and lUtsnciahHl 
with areas of the palmar and plant^ir surfaces where the sense of touch is 
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not prominent. These sections can only be referred to, lieiiig too 
to bring forwai-d as illustrations. 

The gi-oup of Tjcinui-oids, cf. figs, fi and 7, may be cited tin being the most 
striking in their degree of development, Inith of ridges and pivpillni, of all 
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the gi-oiipa cxniitiiieO. 'I'lic i-iilffps afo clwiv cut and vety regiilnr, tlie papillai 
very long iind pointed and net extitsiuely cliwe to one anotlier, and they 
project so much into the fpidenniR n^ to )>o very near tlie [itio snrfoce. 
Them cliarnctei-H Hu^geRt very clearly thnt in thia group of niiiinalH the 
NciiFie of touch iH or extreme iiti])ort)uive to them in thoir liveR. It one Ix-arn 
in iniitd that Ihnte of Ihem lU-e it'x'tnnial iind arl>uroiil, luid the other two 
diumul and arboieai, one can gather from thew fuctn the great iiii[x>rtuuco 
t« thorn that their sense of touch should bo very ncntc. A continual 
need of their arlH>rcal lives is that they should maintain hy reflex means 
their ecpiilihrium, and I would suggest that in their highly developed 
papillary ridges and papillary layer of the coiium they possess most 
eliieient structures for the transmission of impulses to their nerve-centres 



for the (Mtrrormanr^) of this irii]>(irliuit function. The fnnelion hero 
i-eferix>d U), that of the rellex maintenance of etpiilihrium, though of 
iinineiise iinjxtrtancc to the animals in <|uestion as well as other arboreal 
fonnn such as Didelphys aztinii, is of a Rim|ile natiu'c, and higher animal 
funns will necessarily rc({uire to jicrforin tactile o])oratioiis of a more 
complex character. These are found in their highest degrees of develop- 
ment in man, though, as these sections show, the general chariictei's of 
the ridg(» and jiapilld) do not lulvance in complexity up the /xHilogical 
scale. The application of the tactile sense to more complex puriwstis must 
depend more upon higher cnn3hi'al organisation than u[K)ii the poriphciul 
Aiiatomicnl structures in the hand and foot which sid^servc thai sense. 
Tliis coiisidei-ation accounts for the letatively low degiiie of development, 
such ns width of distance between the papillie, and bluntness of their apices 
found in some of the monkeys among those illustrated, and even in the 
aiit)iro|Hnd apes. 
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In man the areas of the palmar and plantar surfaces of the hand and 
foot which show the best degree of development of the papillary layer of 
the corium are those where the patterns formed by the papillary ridges 
are most complex, viz. on the terminal phalanges. The human subjects 
examined have been too few to enable one to judge how far the phenomenon 
of imbrication of the ridges is constant, but it undoubtedly is an efticicnt 
means of increasing the acuteness of the sense of touch, as was shown in the 
former paper referred to on this phenomenon. Further and extensive 
observations on this matter are required. 



ANATllHIOAL NM)TK.S. liy 11. B. Seymour Sewell, B.A., ChrU'it 
Cfdlfi/i; ('amln-iiiijfi ; FelUrui nf the Anthroix)li>gical Iiistitute of 
Oivat Brittiiti ami htrhivd. 

I. Pkalanx, wjwkssino two Ei'ii'iirstCK. 

OwiNii to tliu kitidiMiHS of ProfoHfor UucnlifltcF, I have been enabled to 
exaniiiK! i\ plutlniix wlucli presented tlie very rare eoudition oE poasossing 
two ciHpIiyHt'n. 

The bone in' ijucstioii woh the proximal phalanx of the index finger. 



At the proximal end of the Imno wns a roughened aur{ace of somewhat 
oval shape— flat fi-om side to nide and slightly concave from before 
bruikwards ; it had undoubtedly served for the attachment of the cpiphymB, 
which is normally present at this end of the bone, but which, owing to 
nou-tinion with the shaft, hiul Ijccn lost. 

At the distal end the articular surtnco for the second phalanx was 
dintiiictly marked oil* fram the shaft by a groove. 

This groove was best marked where it ci'ossed the palmar aspect of the 
bone; it was continued backwards on each side for some distance, (iiially 
almost disappearing, only slight traces being visible on tlie doi-sal aspect. 

The boue was evidently from a young subject, and one must conclude 
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that tliis ^i-oovc inarkod tiie lino of union of the diiipliyais and an al>noi'nial 
distal epipliyHia. 



II. An iNTEHAllTIClILAIt FlIIKO-OAKTILAaE KETWEEN THE 
AhTllAQ4I,US AND THE MALLEOLUS OF THE FlItllLA. 

So fivr as I am aware, tlio oxistonce of Hiidi an intcrarticitlar cartilu^ 
lias nevor I)cen pi-evioiisly dcHcril>ed. 

Ill tlio spociinon wliich I liave been able to examine, tho cartilage was 
roughly ti-iangiilar in outline, having tho apex downwai-ds, and prenentcil a 
delicata free niargin above. 



nrdiniitl Inwuili. 



Km. :!. — Sliowiii); |iiRiiLi»ii u( iiitcritrticiilur Jibnj-cartJIago in uiikli^ -joint. 

It intervened between the apex of the pi-oceasiu lateralis tali and the 
lower portion of the external malleolar 

The cartilage was completely covered on its two side-s by synovial ineni- 
bi-ane, delicate strands of which also ran from it to the various ncighl>ouring 
structures ; thus almve and in front a narrow though strong bantl of tissue 
ciiunected it« anterJur angle witli the anterior fasciculus of the ligiunentiini 
talo-fibularo exterinim, and from this point was continued upwaixis and then 
backwai-ds to end finally by blending with tha ligamentum tibio-tibularc 
inferius : this latter portion forinotl a narrow fold projecting into tho joint 
cavity. 

The rest of tho anterior l>order of the caHihvge was very considerably 
thickened, and was quite free, not being connected with the capsule of tho 



joint ill any way. The nytax of tlie iiitcnirticuinr aiitila^c, iin nliciwly 
iiiciittonod, jMtntfKl duwiiwnrilH, and v/an firmly attttclied to tim (iign- 
iii(!ritoun)Joiiit-aii)fluic; while along its pontcrior border tlie synovial mem- 
brane was roflectet] off it on to the various neighbouring Rtructnrcn, and one 
or two nniall synovia! strands eoniuHitcd it with the processus laU'ralis tali- 

The jiri'scnci! of such ati inUTartitMilar carLilage is of some nioi-iiholitgiciil 
inlorent, since it (KMUiwes in the angle-joint a ]>nsition exactly comjuirable 
wit)) that occupied by the fibro-cartilage normally preseut in the wrist- 
joint. 

III. Lamella, in F(Ktal Asikaculuh. 

While working on the astragalus, J cut sections of itfl cartilaginous 
precursor in tlie feet of several ffctuses of different ages, an<l in one of them 
I came across a crmdition that seems worthy of some description. 



'I'hii Tortus wan ulHHtt the age of six months, since ttie tiwb-s weo' 
Kituated at the intiirnal alxlonnnal ring, and the os calets IiimI just com- 
nienced to ossify, there being no ossific nucleus in the astragalus itsi'lf. 

The caitilago of ihc astragalus wiw of a very vascular characU^', this 
condition Iwing especially marked in the corpus. 

In the hyaline cartilage bands of some denser material could Imj seen ; 
these seenKMt to Im of a libnnis charactj<r, for, like all lihi-ous tissue, they 
poKsessiMl a siKHiial aflinity for Kubiii H. staiti. The Ixinds wei-e arranged 
in two definite Bystcins. 

(1) In the l)ody of the bone there was an irregular network of strands, 
and starting from this was a scries of well-niorke<l buiuUcB, wliich ran for- 
ward thniUgh the neck to the caput. 

(2) A second scries of bundles, in the ciiput, were arranged almost at 
right angles to the previous set, and run parallel with the surface of tho 
facies artictdaris iiavicularis. 
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In the Hoventli month, when oasitication takes place, the whole oF thin 
arrang«miciit in swept away, and bony lamoUm are tiuljHCiiUtiiitty formed. 

It m interesting to compare this arrangement with that fonnd in the 
adult. 

It at once becomes evident tliat there ia u most remarkable similarity 
between thuae two ui'taiigemeutu ; the only ilitiuroncc oE iin|[K>rLaiice l)uing 
the development in the adult of a third series of lamellte running from the 
trochlear facet downwarda to the facias articularis calcanoa posterior, 
which serve to transmit the weight of the body downwards to the houl. 



In the sixth month it is quite impossible that there should Iw any 
preasnre on the foot externally, but the muscles of the Umt will, by tlioir 
traction, exercise a certain amount of traction on the phalanges and 
metatarsals, which will be transmitte<l hock through the disttvl row of 
tarsal bones to the astragalus. 

Tlie muscles which wilt bring about this are mainly the flexor longus 
digitorum and flexor longus lialhicis on the sole of the ftmt, and the 
extensor longus digitorum, and to a less extent the extensor longus hallucis, 
on the doi-snm. 

All hyaline cartilage, when macerated, tends to break up into bundles, 
which are arranged in the lines of greatest pressure, and it seems possible 
that some of these bundles may l)ecome hyportrophied and so give lise to 
the above condition. 



HOIJIUJLASS STOMACH. By A. E. Ouu, M.D., D&nwndmtoi' of 

Anatomijy M'UiU University, Mmitreal, 

The Hppciiiieti dewcrilKKl in this paper was met with in the diB8ecting-iXK)m 
during the past winter. 

It is the stomach of an cMerly, well-developed, and rather tall female, 
and presents a typical hour-glass form with two thin-walled sacs, a larger 
cai-diae, and a somewhat smaller pyloric connected by a cylindrical, thick- 
walled, constricted j)ortion.* 

The cardiac mic measures 9*5 cm. transversely, 11*5 cm. in longitudinal 
direction ; the pyloric sac 7 cm. transversely by 8^ cm. longitudinally ; the 
constricted j)ortion 85 cm. transversely by 4 cm. longitudinally. 

The viscus was measured after being incised, emptied, and spread out flat. 

There were no adhesions nor constncting bands in the vicinity of the 
viscus, nor is there any external appearance denoting cicatricial contraction 
from disease of the niuscosa or wall. 

Tlie macroscopic appearance of the fibres is noteworthy. Upon the con- 
Htrict«Ml iM)rtion ant(M-iorly they are oblifjue and circular, whilst posteriorly 
they are longitudinal, reminding one of a constricted band of longitudinal 
fibres of the large bowel. 

The lesser curvature is not involved in the constriction. 

On trying to dilate the constriction by air pressure, we were inisuccess- 
ful with a force which one dare apply short of almost ctu'tain rupture. 
This lack of distensability may be due to the hardening of the fibres by the 
alcoholic and carbolic injection fluid, and by prolonged immersion in alcohol 
after removal from the lx)dy. 

Upon incising the constriction along its upper boixler, wo find no 
evidence of cicatrisation nor of any pathologicfil process. The wall is fully 
three times the thickness of that of the sacs. The mucous membrane is 
thrown into longitudinal folds which gi-eatly encroach upon the lumen of 
the tube. The appearance is similar to that seen in the interior of a 
contracted urinary bladder or other contracted hollow viscua 

Hour-glass stomachs are not infrequently found post-mortem. This is 
the second one I have met with in about six hundred bodies that I have 
seen dissected. Others may have escaped my oljservation. 

1 Demonstrated at Regular Meeting, Montreal Medico-Chirurgical Society, April 20, 
1906. 
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Authorities seem unanimously agreed that there is a detinite ticquired 
form of hour-glass stomach, the causes being cicatricial contraction 
following ulceration, or coiTOsive giustrites, traction or compression by 
adhesions, bands, etc., or occurring with carcinoma. 

Dr J. M. Elder (1) descril)es a case which is particularly interesting, as 
he had treated the patient for ulcer of the stomach with luBmatemesis, and, 
twelve years afterwards^ diagnosed hour-glass stomach, and rulieve<l it by 
operation. The patient had suMered from {)ersistent vomiting, with pi*o- 
found emaciation, but recovered completely, and is now alive and well, four 
years after operation. 

As to a congenital form, it appeai-s to have l)een generally held in 
Great Britain, and to a lesser extent on this continent, that there was a 
congenital form of hour-glass stomach; and even Riegel, in his volume in 
Nothnagers Encycloptedia, accejits — UuiL^^view, although Cyontineiital 
European writers have usualh^rolbl^cFftEo^^ 

In Cunningham s Text-JJ^k of Anatmny (W£^dition, 1002) Professor 

Birmingham states that i^i*&::gH[^9\jPfi{)MM'^'^T^ ^^^^ ''^ ^ recent 

monograph (2) Professor \Gunningnaiin appeai-sf^ hold the view that a 
congenital form does not e2l^ He cites Jl^lch^!^idence to show that the 
different shapes found in iii imttlf friil|jftiTflMrlniM j^lii 1 1 stomachs are due 
to fleeting or temporary contractions of larger or smaller bands or portions 
of the circular and oblique fibres, being merely phases of peristalsis which 
have become fixed in death. 

A note may also be added on diverticula of the stomach. 

It is well known that diverticula may be found anywhere in the course 
of the digestive tube, but I do not remember having seen any of the 
stomach. 

W. F. Hamilton (3), however, describes and figures a stomach present- 
ing a peculiar shape, and a diverticulum in the form of a pouch 2 cm. broad 
and fS cm. deep, situated upon the posterior wall of the cai-diac end, near 
the oesophagus. 

KUss (4) reports a case of diverticulum of stomach, and states that he 
had found no previous record of such a condition. In his case the pouch 
was 2 cm. deep, and situated upon the great curvature 6 or 7 cm. from the 
pyloric valve. 
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A RARE AN01i[ALY OF THE CAROTID ARTERIES (INTERNAL 
AND EXTERNAL). By A. E. Oiui, M.D., CM., Devwnsiraior of 
Anatomy, irGill Ifniversity, Montreal. 

This anomaly occurred in a well-developed adult male. It is note worthy 
from its rarity as well as from its surgical interest. A similar condition 
of a very low division of the connnon carotid, with a very small internal 
carotid, docs not ap{)ear hitherto to have I)cen published. 

Six mm. from its commencement the right common carotid divides 
into a largo trunk and' a small trunk. The smaller division is the 
internal carotid, and passing upward, close to the outer side of the 
larger vessel, occupic<| the usual |)osition above the level of the upper 
lx)rder of the thyi*oid cartilage and goes through the normal foramen and 
canal in the {K'tmus portion of the temporal bone. It is very small, smaller 
than the vertebral, being only 2 mm. in diameter, whilst the other trunk is 
•75 cm. in diameter. 

It giv(*s oil* no branches in the neck, but in the cranial cavity the 
oi)hthalmic artery arises in the usual way, leaving a very small vessel 
proceeding to the brain. 

Unforttuiately the brain had Ixion removed during the preparation of 
the Ixxly for dissection, and could not afterwards be identified. 

No abnormal vc^ssels were found replacing or supplementing the small 
inU.'rnal carotid. 

The other carotid trunk, much larger than the internal carotid, gives 
off the inferior thyroid artery at the level of the cricoid cartilage. The 
snpcn'or thyroid arises opposite the middle of the thyroid cartilage, whilst 
just above the level of the upper border of the thyroid cartilage is the 
origin of the superior laryngeal. 

AlK)ve the thyroid cartilage the vessel continues upwaitlsas the external 
carotid, without any very noteworthy peculiarities. 

A thyroidea ima is present, springing from the innominate, on its inner 
iwpcct, near its termination, and sending branches to both lateral lobes of 
the thyroid gland. 

The internal jugular vein follows its normal course. 

The arteries of the left side of the neck show no special peculiarities. 



THREE CASES OF MALFORMATION OF THE TRACHEO-CESO- 
PHAGEAL SEPrUM.J By Authuh Keith. M.D.. and J. E. Spiceu, 
M.B. 

Sir Morell Mackenzie, in his Mantud of Disenses of the Throdt <i7i(l None 
(vol. ii. p. 216. 1884). gives a summary of sixty-three cases of malformation 
of the desophagus of which only one had been seen b}' himself, and nientions 
as a remarkable fact that Hirschsprung had four cases brought to him in a 
period of six months. The three specimens which arc descrilx^d hero came 
into our pcxsscssion since July of last year, two in the Tjondon H(xspital, in 
cases which were under the cai*e of l)r Percy Kidd. and one of which 
occurred in the practice of Dr Q. H. Harvey of Peckham. But we do not 
record these cases here because of their rarity, but because, in the first 
place, the nature oF these malformations is not generally undersliKMl by 
those who describe them in the medical press ; secondly, because in all 
three cases there was present a right aortic arch or its representative — 
namely, a right subclavian artery arising as the last trunk from the iu)rtic 
arch ; and thirdly, because such records as are to be found in literature are 
usually not accompanied by illustrations which fully explain the condition. 
Reference to the valuable '' Reports on Recent 'J^eratological Literature" 
published in this Journal by Professor Windle. justifies us in believing that 
the nature of these o^ophageal malformations has not received much 
attention in late years. A convenient summary of the present state of our 
knowledge regarding malformation of the a'^ophagus will be found in 
Dr J. W. Ballantyne's Antenatal PathoUxjy, vol. ii. p. 462, 1904. 

Case A (see fig. A). — A male, full-time child, who lived a few houra. 
The (esophagus, at the junction of the upper two thirds and lower thii-d of 
the trachea, tcnninated in a dilated cuX-de-Hoe. The lower part of the 
(esophagus opened from the dorsal aspect of the bifurcation of the trachea, 
so that its musculature was continuous with that of the trachea and 
bronchi. There was a right aortic arch (fig. A) ; the left subclavian arising 
last from the arch of the aorta and passing behind the tnichca, just below 
the ciU'de-sac of the oesophagus, thus reached the left arm. The left 
inferior laryngeal nerve passed straight to the larynx. Hare-lip and cleft 

> Read before the Anatomical Society of Qreat Britain and Ireland, March 1906. 
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pfilnte wei-c prn-aont, Tlicre wftfl n wide itibei'vcntriculnr foramen due to 
iioii-riiHioii uf tlio oiidocuixlini ciwhioiiH. Family history not obtained. 

Casb B (fig. B). — A boy, lived nix days. No other malformation wan 
obHCFvcd at tlie poHt-mortcm exiinii nation. A right aortic arch was proscnt 
with the left Bnbclavinn, arising as in cose A. The upper segment of the 
ii^ophagiia foniKHl a widely dilattMl divci-ticnhnn, and rciu;lied to the bifnr- 
cation of tlu; liiichoa. The low<^r wgnicnt of the (I'sopliagus opened in the 
[Mwterior wall uf the trachea ot the junction of the middle and lower thii'ds 




of that ehannid. It.'* orifice ivas bounded IkjIow (see fig. B) l»y a ci«sceutic 
fold, the lateral margins of which turned upwards over the free ends of 
the tracheal ritign. 'I'lie ciil-ilr-mr of the upper segment of the (esophagus 
ovi>rla]iiHHl the origin of the lower Kegtncnt, t/) whicli it was joined by a 
slnvnd of muscular tissue. Only moconiuni was passed per anum. Milk 
was voniiteil at ouce, ond was hlood-stiviiicd. Tlie family history showed 
that the parents and their other six chiidi'en were normally develojied. 

Cask C (see fig. O- — A well-devclojK-d child, female, lived nine days. The 
condition woo similar to cose B, with the exception that the arch of the 
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aorta crossed the left bronchus and gave off the right sulxslavian artery 
as its last branch. As in the last case, the subclavian artery lay in the 
cleft between the upper and lower segments of the oesophagus. Two 
supernumerary auricles occurred near the right ear. Hair on scalp long 
and black. BullsB on upper part of trunk. Congenital syphilis (?) Vomited 
immediately on taking food. Vomit blood-stained. Passed meconium and 
urine. Parents and their three children normally formed. We are indebted 
to Dr Pei-cy Kidd for permission to examine and report on cases B and C. 

The normal formation of the tracheo-cesophageal septum is clearly 
shown in the embryological models and publications of His. At the end 
of the third week (embryo 3*2 mm.) the fl(X)r of anterior part of the 
primitive oesophagus is depressed or evaginated, so that in this segment 
of the foregut one may recognise a dorsal or (x^sophagcal and a ventral or 
tracheal division which are separated by lateral ridges which meet behind 
in a crescentic fold. From the posterior or caudal end of the tnicheal 
division, under the crescentic fold, arise the lung buds. By the end of the 
fiftli week (embryo 12*5 mm. long) the crescentic fold Iuu3 spread forwards, 
uniting the lateral ridges, so that the tracheal and cpisophageal divisions of 
the foregut become completely separated from eiich other by the formation 
of the tracheo-oesophageal septum. The interarytenoid fold represents the 
anterior end of the septum (see fig. D). 

To prcxlnco the malformations <l(i.scril)ed here, the tnu;hn()<(rH(»]>liago.al 
septum is evidently formed in the manner shown in tig. E; the lateral 
tnvcheo-a'iiophageal ridges and fold, instead of proceeding horizont^illy 
backwards so as to meet between the lung buds and <t\sophagus, and so 
divide the primitive oesophagus into a dorsal and ventral division, proceed 
obliquely backwards and dorsalwai*ds so as to meet on the dorsal wall of 
the foregut (see fig. E). In case A, where the ci^sophagus continues 
backwards in the line of the trachea, this apparently has been the case, 
but in the commoner forms shown in B and C (see figs.) it is evident that 
the tracheo-a^sophageal septum must have been formed in two parts. The 
partition between the lower segment of the a»,sophagus and triichea (see fig. E, 
a) represents the posterior part of the nonnal septum, while b represents 
the anterior part of the septum formed by the oblijjuely situated tracheo- 
oesophageal ridges, Morell Mackenzie cites three cascjs in which the lower 
segment of the ci^-sophagus opened from a bronchus, from which fmtt we 
conclude that the trachea and bronchi (right and left) are derived directly 
from the foregut by a subdivision of that channel into a dorsal and ventral 
division by the fonnation of the tracheo-(Psophageal septum, and that only 
the lungs and intrapulmonary bronchi are formed by a process of out- 
budding. 
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The iistiilos which are occasionally found between the oesophagus and 
trachea are ap|)arent1y (hie to a partial faihire in the union of the lateral 
ridges which normally unite to form the triu*.heo-(r«ophageal septum. 

Since reconling tlic above cases we have had an opportunity of examin- 
ing a fourth. In tin's case there was no representative of a right aortic 
arch ; there was atresia ani and malformation of heart. 



EXPLANATION OF FIGURE. 



A. Tlie oesophagus, pharynx, trachea, and arch of the aorta of cose A seen from 

liehimi. 

B. The same imrts of case B, seen from the front, with the trachea opened to 

show the ossophogeal orifice. 
C The same parts in case C, shown in section from the side. 
1). Diagram to explain the normal {K)sition and relationships of the tracheo- 

OBsophageal septum. The septum is stippled. 
K. Dingram to explain the abnormal |)osition of the tracheo-ossophageal septum. 

1) Upper segment of a?so]>hagus ending in a cul-de-sac. 

2) Tjf)wnr segment of (esophagus. 

(3) fx^ft bronchus. 

(4) Jtight hronclius. 

(5) Arch of aorta. 
(6', 6") lieft nnd right vagus nerves. 

(7) Subclavian artery. 

(8) Tracheal orifice of lower segment of cdsophagus. 

(9) Tracheo-ODSophagoal septiun. 



TWO CASES OF FUSION OF THE SEMILUNAR AND CUNEI- 
FORM BONES IN NEGROES. By Douglas E. Deiiry, M.B., 
Ch.B., Assistant Professor of Anatmny, Egyptian Ooucmment 
ScliooL of Medicine, Cairo, 

At a meeting of the Anatomical Society held in Febrnaiy 1893, the Pro- 
ceedings of which are publislied in the Jimrnal of Anatoviy, vol. xxvii. p. 
xxii, ProfcHSor A. M. Paterson showed, amongst other anomalies in a negro 
skeleton, a fusion of the semilunar and cuneiform lK)nes in the carpus of 
the right handy and he mentioned that Humphry (The Human Skelettyii, 
p. 897) also reconls a similar case in a negro skeleton in the Museum of the 
Jai-din des Plantes (Jourdan, Encycl. Anat,, II. 139). Whether or not this is 
the same case that Testut (Traiti d'Anatoniie huvudne, 4 edit., tome 1, 1889, 
p. 283) mentions as having been described by Soemmerring — " Soennnerring 
a vu, sur les deux mains d'un nfcgre, les as du ciu*pe rikluits «\ sept, ])ar suite 
de la soudure du semilunaire avec le pyramidal " — the writer is unable to 
say, as Soemmerring's work is not available for reference in Cairo.* 

In 1903 Professor Elliot Smith published in the Anat. Anzevjer, Band 
xxiii. p. 494, a case of numerical reduction of the carpus in a male 
Sudanese negro. In this instance the semilunar and cuneiform l)ones 
were completely fused on both sides, and there was no evidence what- 
ever of inflammatory action. At the time, he was able to find only 
one record of such an anomaly — Testuts reference to the case of the 
negro described by Soemmerring. After the publication of his note, 
Professor Paterson called his attention to the case that he had recorded 
(op. dL, stijrra). 

Since then Professor Elliot Smith has made a systematic examinati(m of 
the carpus in the skeletons of over 500 predymustic Egyptians, an well n« in 
a much more numerous series of bodies of later Egyptians of every period, 
without meeting a single case of fusion of any of the carpal bones. 

During the past winter, forty bodies have been examined in the 
dissecting-room of the Cairo School of Medicine, six of which were 

1 Dr R. J. Anderaon descrilicd in tins Jowmal^ vol. xvii. p. 256, 1883, coalescence of the 
semilunar and cuneiform bones, and referred to a similar 8|iecimen described by Wagner in 
Heunnyer's ZeilKhrifi^ vol, iii.— Eoa, 
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Suc]niiofic iic^rocn. Two cnncs of fiiHion ot the carpal boiicn have been 
Heeii. Botli of titeitc vaatft iii Budaiieao subjects, one a male niid tlic 
other a female. The latter nhowcd the condition in both wristn, bitt 
unfortunately, in the crutc of the nuile subject, the right hand won 
dentroyed before it could bo examined. The f union was well aeen, 
however, in the left joint. 

In thcHe thriH! handn there woa a complete niiton ol^ the Rciniluimr and 
cuneiform, and on making a tranHvei-se vertical section through the 
pi'oxiinal row of carpal boncR, it was found that the cancelloim tissue was 
absolutely continuous between the bones. 



Kin, 1.— Tim luiiMW rif Die hfl iair|iiw i.f ii RiiflAiip»> n.'^nw TIip |.ii«inial r..H liu bncii mwii 

tlimiiKli, mi't LIk- |«rto ..|><'ii»I ..lit, Tim 1.nii<l in ii. tlio j'vm )H»<iti..i>. 
Kli:. -J. 1'l>i- rfyh/ •»riiii» nr Ilii- mm- <iiiln.vl. iix in lift. I. xUi wiiiR tlir siii^rinr Hiirniii. „f l\„- timxiiiint 

r.m'{|.r..,M.t«l). 
Flu. S. — Till- k/t (arpiis nf a SilrUiiran lirf[ri), trmtnl hi tlio same nay biiiI in Hnnio jxisitiiiii as fig. 1. 

The nccomfmnying phot<igniphs nhow the condition very distinctly. 

Fig. 1 in the left haml of the female snhjeet, in which the proximal row 
of carjiiil iNmcH hoH Ihwu nawn tlirongh and the partn opened out. The 
hand is in the prone [xiHition, as is also Ihe coho in the other (iguren. 
Fig. 2 rIiows the right hand of the fiaino subject. In this figure, which 
iH a view of the nn|Hn-ior mn-face of the proxintal row, it will bo noticed 
tbat the surface of ihe combined os lunato-triqnctrum is perfectly 
sni(N)th, and that there is no indicjition of any division between the 
IxHiea. On the inferior surface, however, as is shown in figH. 1 and 3, 
there is in l)oth cases a slight but distinct depression in the cartilage at 
the site ot the iionnal ai'ticular suifaces, and a spur of this tissue projects 
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into the cancellated lx)ne for about 2 mm. Fig. 8 is the left hand of the 
male subject. In figs. 1 and 3 this small spur of cartilage is best seen with 
the aid of a lens. 

If the case described by Soemmcrnng is different from that mentioned 
by Humphry, the total number of recoixled cases, including the two in the 
present communication, amoimts to six. It is remarkable that all these 
occurred in negroes, one being recorded in Qreat Britain, two on the 
Continent, and three in Cairo. 

With the kind assistance of Mr Owen Richards, resident surgeon to the 
Kasr el Ainy Hospital here, the writer examined the wrists of all the 
negi*oes at present in the wards, by means of the B5ntgen rays, but found 
no case of fusion of the bones. 



EPILUNAIl AND HYPOLUNAR OSSICLES, DIVISION OF THE 
SCAPHOID, AND OTHER ABNORMALITIES IN THE CAR- 
PAL REGION. (11108117116(1 by ch*awing8 from two specimens.) 
liy llENiiv M. JoHNSi'ON, M.B., Chief DemonatraUn* of Anatoviy, 
Trinity College, Did)lin, 

In addition to the proximal row of three cartilaginous elements (excluding 
the pisiform), and the distal row of four, in the development of the human 
carpus a number of accessory cartilages appear at an early stage, which 
later are either absorbed altogether, or unite with neighbouring cartilages 
forming projections upon tltom ; or in rarer cases remain separate, and, after 
ossification, form distinct elements. Their significance is very obscure. 
One of them, the os centrale, when present, evidentlj'^ conesponds to the 
l)one so named in lower forms; but little is known of the other varieties of 
accessory ossicles. 

In i^ccont years it has l)een shown, by the study of skiagraphs of the 
wrist, that these supernumerary carpal bones, especially the os centrale, are 
by no means so rare as they were formerly supposed to be, and in the 
Hvhig subject they have been frequently demonstrated. Notwithstanding, 
it is extremely difficult to obtain specimens in tlie dissecting room. This is 
due to the fact that the student is lia])le to remove them when cleaning off 
the ligaments; and after maceration if an extiu bone is found, it is difficult 
or impossible to determine its position and relations. Consequently, few 
instances are recorded in English anatomical literature; and the only 
reference to the subject in the Jowtnud of Av(ttmny and Physiology is the 
review on Qruber's investigations on the os centrale, vol. xviii. p. 119, and 
Sir William Turner's jmpcr, vol. xvii. p. 244. 

The two s[)ecimens whicli are descrilwd in this paper are examples of 
these exti*a ossicles; but in addition, one of them presents other abnor- 
malities which arc extremely interesting, whether they be considered 
congenital or pathological. 

An investigation upon the frequency of occurrence of different varieties 
of supernumerary ossicles and other congenital abnormalities in the carpal 
region, was made by the late Professor W. Pfitzner of Stiusburg, and 
published in Zeifschrift filr Moi^jyhologie, 1900, p. 77. His paper is very 
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oxhaiistive, and the value of his research is much enliauced by his liaving 
himself dissected and prepared the specimens he descnbes. 

Last winter, wliile disBecting tlie dorsal surface of a wrist-joint from a 
male subject, I noticed that an abnormal bone wo^ present. The other hand 
of the subject was secured, and was also found abnormal. Both si>eciuutiiH 
were exhibited to the Anatomical Society of Oreat Britain auil Ireland nt 
their meeting last Mai-cli. 

Specimen l~^Rigkt }iand, dorsal uitpect (fig. 1). — The bones of the firat 



row are exhibited in the figure snniewhat 8cparatcil from ejich other, and 
a very superficial inspection is Nuflicient to show that the lunar an<1 
aeaphoitl are abnormal. I'lic lunar bone, at it.<4 radial distal angle, in 
marko<}ly elongatud and prominent, an<l cuives towai-ds the radial side. 
This pi-ominencf!, cnnsisling mainly of a He[)arate iHme, is oval in shape, with 
its long axis placed trauHveniciy to tlio Inug axis of the foi-uann, and it is 
joined to the lunar by fibrous ti.sfluc ; at the same time it is ti-eely movable. 
Its anterior aspect is coatwl with cartilage, part of which articulates with a 
flattened — ahnost cireular — facet, coated also with cai-tilage on the doi-sail 
surface of the scaphoid at its ulnar extremity. It wan united to the 



K]ii)iiiini' mill IfyjMihiiiai' Otwiclcs 61 

RcnplioiH by a uvpniilar ligiuixeiiL, miil the Hyiiovinl cavity of the joint 
thus formed wnn cDiitiniioiiH with thiit of the inid-ciu-pal articulation. The 
iihiar part oF itn aiiU'iior nrtieiilivr Kiirrivcc, iti {lalnuir lloxioii, articulntcH 
with the hiaiil of tiio oh inii;r|iniii : hut in extetiHidii ami doiwlluxiiin thiH 
rnc»t in frKt:, aixl overlmii^ thv mrck oF the <>» inafriiiiiii. The poKteriot- 
RiirfEice <»r the owiele i» wmvex ami fieo : itw ud^es nrv thiiiiiur than the 
centre ; ami \in length from xide (o Hide '}» \li em., whiUt itn breadth is 9 cm. 
The flatteiiwl, ahiioHt eii'cnlar. fiicct on the Hcajthnid ia situated at the 
ninar extremity of the dorsjil Knrfac^^ between the articular nurfocos tor tile 
trapezoid and radius. 



In fig. 2, the lower two Ixjiich nm the Hcaphoid and lunar of tins 
s[K>cimcn. Tlio lunar, on the left Hide, kIiowh the ra4.1ial and dorsal .surfaces 
nnd the acce^wory Ixine attached ; and the scaphoid, on the right side, shows 
the circular facet with which the ossicle aiticulatos. 

'J'his bone corresponds in ^lositiou to what Urul>er dcwribed as the rarer 
fonu of ofl centrale ; lint, accoiiling t(» IMitzuer, there are not two varietiea 
of OS centrale, and it answers to his description of the Epiluimr, which he 
defines an a cartilaginous nodule appearing at an early age, generally 
becoming fused with t)ie radial dist^U comer of the lunar, but sometimes 
remaining separate and becoming ossified in that position. 

It may bo onkctl— Can we normally detect any evidence of the pi'cseuce 
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of this Epilunai- ? If the upper two honea in fig. 2 be examined, it will he 
evident thnt tliia nidimeiit iloes not diuapjienr without leaving a«)iiio tiiuse 
behind. The bones in the figure were taken from ordinary closa specimens. 
The left one nliows a lunar lx>no, di-awn in much the Mime |>nsitioit iim the 
abnormal specimen just below it. It will be noticotl that iU* (loi-sal uiuface 
is elongated radially into a spur, and this pi-qjuctioii is fornied by the fusion 
of the Epilunar caiiilage, Tlie projection may not be always so prominent 



OS in this cose, but still every Immr will show it to some extent on the 
dorsal surface at the radial side. In the Bumu figure the right of the 
upper two bones shows a normal scaphoid ; its dorsal non-articular surface 
exhibits a depression or notch at its ulnar extremity. This notch is almost 
constant, and roprcsonts the position which the Epilunar once occupied. It 
will be seen to correspond to the circular facet on the bone figured below. 

Specimen 1 — Pnlmar anpect (fig. 3). — The lunar bone in this figure 
seems to have had its radial distal end cut off. This separate portion is a 
distinct oaaicle; ita ligamentous connection with the acaphoid has been 
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retained with tlie object ot yneaerviug its ponition. It lias bueii dragged apart 
fniii) tlio liiMflt' HI) Unit itx Hlinpc iiiny be ne«ii. Quite cloBu to it in another 
very ininntti nudule of lx>ito in thu lifrniuent uniting it witli the scaphoid. 

'['h(^ bunu itHcIf is '0 cm. in its longest diameter, '5 cm. from before 
hnckwardn, and 2 cm. in thickiie-ss. Itfl disttil and pahnar snrfaces are 
non- articular. It articulates with tliii hciul of tlic os inagnnm hy a narrow 
limtar facet, which in continuous with t)ir cmeave Uv.:v:i on the hniar for 



tho OS majpunii ; this stirfiice as well as that co-apted with the hiuar is 
cotit(!il with articular cartilage. 

'HiiH Imhu! cornwiiotids to what I'litznor has named the Hy(K)hinar; it 
Ii4»4 at the ludniar <listiil rnilial angle uf the lunar. The lly])olunar, whicli 
iriay exist as a sejiarate ntxlule of cartilage at an early age, usually fuses 
with Uiti lunar, but an indiuition of itn presence hi a normal bime may be 
found in the marked piojection of the palmur distal end towards the 
radial adc- 
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There is no other abnormality in this carpus. 

Specimen 2 — Left hand, (hn'sal aspect (fig. 4). — The left hand, when 
examined doi'R^iUy, presents a most peculiar ap|X3arance. Every bone is 
very much larger tlian on the right side, and the enlargement extends to 
radius and ulna. The bones of the second row do not present any abnor- 
mality except at the junction of the third metacarpal and os magnum. 
Here the styloid process of the former, together with a portion of the 
radial disUil end of the os magnum, projects Imckwanis for a distance of 
7 mm. The articulation between the two bones is linear, and so intimately 
united were they (by ligament), that it seemed at first as if they were 
completely fused together. One other instance of this condition has lieen 
recorded in the Jounud of Amitomy and Fhyifiology, vol. xxviii., in the 
Fourth Annual Tleport of the Committee of Investigation of the Anatomical 
Society for the yoixv 1892-1893. 

Ilie first row of bones is very abnormal. The scaphoid is seen to l>e 
divided into two completely separate portions — a proximal and a distal — 
the division being oblique from side to side. 

The proximal portion, which seems degenerated and incompletely 
divided into several pieces, is joined by the sujxirior sc^iplio-lunar ligament 
to the lunar, and includes the ulnar part of the radial articular surface as 
well as a small part of the articular surface for the os magnum. To the 
disttU {lortion Ixilong the facets for the traj)ezium and trapezoid, which are 
normal, the whole of the posterior surface (which is very prominent and of 
greater breadth than usual), and the greater part of the concavity for the 
head of the os magnum. 

Attached to the hmar by fibrous tissue, and situated l)etween the 
scaphoid, lunar, pyramidal, and as magnum, a separate and distinct lM)ne is 
found. It is larger than that found on the dorsum of i^i)ecimen 1, but 
corresponds to it in position. It was united by ligament to both parts of 
the scaphoid, but from the distal portion it has been separated in the figure. 
Its doi*sal non-articular surface continues the prominent dorsal surface of 
the scaphoid ulnar-wards, and almost meets the posterior surface of the 
pyramidal. Its anterior surface is concave, and articulates with the head 
of the OS magnum ; it is connected by ligament to the nidial distal end of 
the lunar. 

The l)one is of somewhat quiulrilateral shape: its longest diameter, 1*5 
cm., is placed transversely; it is LI cm. from above downwards at its 
widest part, and of about '4-5 cm. in thickness. 

This Epilunar differs mainly from that on the right side in having a 
more extensive articulation with the os magnum, in being larger and of 
different shape. 
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On the palmar surface, except the fissure caused by the division of the 
HC^iphoid, nothing abnormal is to be noticed. Tlie line of division starts 
from the level of the styloid i)roc<NSS of the radius, and runs ulnar- wards and 
slightly distally. The tulwji-cle of the scaphoid is included in the distal 
(MH'tion. 

It might Ih) Kjiid that these extra Ikmics were the result of rheumatic 
arthritis, and are merely deposits of pathologiovl material. The age of the 
subject was stilted to l)e seventy yeai-s, and nn'ght be taken as supporting 
this view. Yet in other ways the subject did not present appearances 
cori*es|K)iiding to so great an Jige, and indeed it is (juite probable that the 
individual was not more than lifty yeai-s. All the other joints were care- 
fully examined, and the articular surfaces were found smooth. The bodies 
of the lower cervical -vertebrro were ankylosed together, but beyond this 
there was no evidence of rheumatism. The synnnetry of the Epilunar, 
and the precise jKwition of it and of the Hypolunar, are in favour of the 
view that they arc of congenital origin. ])r W. S. Haughton very kindly 
took some stereoscopic X-ray photographs of the specimens, and the prints 
show in a most striking and beautiful nuvnner the cancellous tissue within 
the abnormal ossicles. They must 1h^ regardcfl, therefore, as compcjsed 
of true Ikjiu^ How is one to accoinit for the peculiar ap])earance in 
the left hand of the bones of the first row ? I think the examination 
of the shoulder of that side supplicvi the answer. There was found a 
jxjrfect example of f i*acture of the coracoid proceas of the scapula ; about 
half an inch of the process was completely separate. Into tliis separate 
{Mjrtion the coraco-acromial ligament, and part of the tendon of the 
))ectoralis minor muscle, were inserteil, and from its extremity almost all 
of the short heiwi of the biceps and conico-brachialis arose. It seems 
likely, therefore, that the subject when living had at some previous time 
received a severe fall on the hand, and that the division of the scaphoid 
is to Ikj regarded as an ununited fracture ; and further, that the thickening 
of the lower end of the radius is due to trauma. The opposing surfaces 
of the scaphoid are not coated with cartilage, and X-ray examination has 
shown that fracture of the scaphoid is by no means of such a i*are 
occurrence. 

It should, however, be noted that the condition of the scaphoid almost 
exactly corresixinds to the congenital division such as Pfitzner describes, 
even to the up|)er part Injing broken up and degenerated. Why the bones 
of the left hand should be so very much larger than those of the right, I 
have l)een unable to discover. The presence of so many abnormalities in a 
single pair of wrists is certainly remarkable. 
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THE DEVELOPMENT AND EVOLUTION OF THE " PAPILLAKY ' 
RIDGES AND PATl^ERNS ON THE VOLAR SURFACE OF 
THE HAND.^ By Evelyn John Evatt, Aas^itsUmt in Anatinny, 
University College, Cardiff, 

The following account is based on observations mode almost exclusively on 
the human hand. The dates given are rough approximations ; they were 
inferred by comparing the foetuses from which the specimens wei-e Uiken 
with the figures found in the section on '' (Jleneral ICmbryology " in the 
Text'Boitk of Anutoiny, edited by Cunningham. The volar surface of the 
developing human hand presents a number of well-defined ptids; they 
are first recognisable about the sixth week of intrauterine life, and have 
attained their maximum relative development by the fifteenth week; 
after this j)eriod they are to Ix) regimled lus <locrescent. Tiie morphology 
of these pads has been worked out by Johnson, KloaUch, Inez L. Whipple, 
and Wilder with a thoroughness that would seem to leave nothing to 
be desired. In the adult the sites of the pods ai*e occupied by papillary 
(epidermic, Inez L. Whipple) ridge patterns. Tlie design formed by these 
ridges on the volar surface of a terminal phalanx may be regarded as the 
most typical expression of a pattern, and the term " i)attern " in the text 
will be used to describe such formations. For a full and detailed description 
of the outlines and cores of finger-tip patterns, Galton's Finyer Frinta may 
be consulted. 

The method employed in the preparation of the specimens, from a 
study of which the results stated in this paper were amved at, was 
briefly as follows: the skin was removed from the vohu* surfiico of the 
terminal phalanx of the thumb, stained, dehydrated, and cleared in clove 
oil ; camera-lucida drawings were mode of the sm-face views of the pieces 
under the microscope, the pieces were then embedded in paraffin, and a 
number of vertical sections were taken from each; these were mounted 
and photographed. 

An undifferentiated area of nucleated cells is all that can be seen in 
a surface view of the skin at seven and a half weeks: a vertical 
section from this piece (fig. 1) shows that the deepest layer of the 
^ Read at the Anatomical Society of Great Britain and Ii-cland, Marcli 1006. 



■' l'ai.illtiiy " Rutum mi.i PiilUiiw uii tliu Volar Sui-riiw; of tins IIiuhI (i? 

■■)mli>riiiin n»iRiHt.s of oohtiiiimi' ccIIk. 'Die L>)>i()i!riins lUys lint upon the 
ormtii, from wliicli it is (leinm-crttcil Iiy wlmt nppou-s to l>e a well- 
cicKiuit Iximiineiit iiiembmiie. Tliu cpkloniiii in a iniinl)er of tliese 
Hcctioii» WAS widely HC{>arate<l froDi tlic coiiiuii, iiuliciitiii^ tliat tliene 
two surfnccR wcfu but locwcly nttnclicil to eiich otiier. The ttiirface is 
r|iiito flinooth. 

Surface views of layers of Hkin, at eleven weeks, pi-esent a striped 
npiwaraiice, dark and light Hues alternating, mid deaign.1 tcelmiuilly known 



Flu, 1. ^Vortical Bcctioti uf nklit, rieliiii ngnl bcvoii and a inU vn-vkx, 
F; p|iii]crmiB ; r, ci)riniii ; r.t, Iny or uf col mi mar cells ; b.m., "lam- 
iiiotit mcmliniiio." 

iw pattt^nifl ai-o to be Heen. Fig. 2 is a vertleiil section from one sucli 
piece. It allows the epidonitis oh having invaded the iinderlyitig eorinin 
in 11 wavy outline; the layer of coluiiiiiar cells is well marked and follows 
the undulations of the epidGrtnis ; the i-emainitig cells of the epidermis arc 
])oly)ie<lnvl in shape and all trnees of a hiweinent meinbrano have dis- 
iiplH'ared; the surface in fiulto smooth, there aro no " epidcrtnic " iidges. 
It may Im! !W well to state hei'c that the tcnn " Hulxlei-mal " ridges in the 
text will Ih; hehl to apply to the wedge-shaped epidermal invnsioiiH (fig. 2). 
Inez L. Whipple has happily suggested the term "epidermic" ridges tor 
the uiiniite rilw which cover the volar surface of the hand, and of which 
an impress may Ijc taken. 
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Although, fivini alraufc the tenth week onwarda, surface vie\VH of elearei] 
pieces of skin fi-oin the volar surface of the terminal phalaugcs nf the 
tinger-tip piulu present distinct typical patterns, and later the ])ositi(iim of the 
rudinientuty sweat glands, it is not until about the eighteenth week that 
the cells on the buses or free surfaces of the aiihilenna) ridges are found to 
have pi-olifenite<l and to lie in ribs mwn the surfiu:u (Hgs. 2 and ;i); the 
ribs are the rudiments of tlie epidermic ridges, fiections at this ago (tig. 3) 
show the sniniuits of the jiapillni of the corinin lying at the Ixtttmn of the 



Via. 2. — Vertical Beotiau of skin, ru,*tii>, (gcd elevan M'ei'kii, alisitu [iiuv 
" anbdeniiar' riclsu*. c, D]iidenma ; e, curiiilii i r.l,, lii)~«r uf 
colutiiiiar cella ; b,tiaaii ofa mibileriiial riilf^. 

troughs formed between collateral epidermic ridges, while from the apices 
of the subdcriual ridges sweat glands are seen tu l>e pissing into the 
coriutn. Traces of the sweat glands are found long before the epidermic 
ridges have appeared. Ati examination of tlie skin fi-oni the tiiigcr-tijis of 
numerous fa>t(vl hands in which tlie sulKlermal ridges had appeared, revealed 
the presence of a vuiiety of patterns, such us one might expect to liiid <m 
the linger-tips of an adult hand, although the patterns were not present on 
the surface. 

A study of the accompanying tigiii-cs and of the text will have shown 
that the following facts are demonstrable. 

Patterns are found only on the sites originally occupiwl by the pads. 
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clsewlictc OH tlic palm the ridgeH are dinposed transversely or obli<iuely to 
tliG long axin of tlie limb. 

Patterns are present below tlie surface before their counterparts 
(epidermic ridge patterns) api>car on the snrfncc of Uic nkin. 

Ill oiibo}r(!iiy the patterns are ]irinionlial, that is to siiy, the relative 
IMiHitioiiK of the riilyiiH foniiiii}; a {xvtUu'ii are primitive conditions. 

The following statement of n theory of the evohition of the epidermic 
ridge patterns in phytogeny is suggested. 



The epidermis originally invaded the eiirium in pai-allel ridges. This 
corrugating invnMion tended, no doubt, to Htrengthen the attachment 
l>etwei'n the two structiU'e-s. 

The ridges were at lirst disposwl transveiwOy to the long axis of the 
limb, l)oth over the pads and the ivjtt of the jHilm, a diajHisition which may 
\k'. olwervtfl on the adult hand at the bases of the patterns. Hepburn and 
Klaatsch have dnvwn attention to this transverse disposition of the ridges 
o» the ventral siutace of the prehensile tail of the nigger monkey; the 
transvei-se arraugonient is particularly well marked on tiie terminal 
segment. 

When the hand assumed the fuuctioit of grasping in the early history 
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of man, the padfl tended to follow the stresses of prehension; therefore the 
finger-tip pods, with their associated subdermal ridges, assumed a distal 
inclination, and the ridges were thrown into ai-ches with their convexities 
directed distally. The remaining pads, with tU^ir respective ridges in 
obedi()nc& to the stresses of prehension, inclined proximally, and these 
particular ridges formed arches whose convexities were directed towards 
the base of the hand. 

At first the inclining of the pads .by the stresses of prehension would 
throw the ridges into a series of plain arches, it therefore appears that the 
"plain arch" is the most rudimentary of the patterns; later the more 
complex patterns were evolved as a result of the inclining of the pads with 
their associated subdermal ridges in the varying directions of the stresses 
of prehension. ' 

A " plain arch " pattern may be experimentally produced by laying 
lengths of cord in pai*allel rows acrass a cone of some plastic material, 
eg, modelling clay, and then shoving or dragging over the sunnnit of 
the cone. The- pieces of cord representing ridges will now Ihj seen to 
be drawn into arches, the degree of arching being proportional to 
the amount of the stress of prehension, and the plain-arch pattern is 
produced. 

The different phases in the transition of a transverse ridge to an arch, 
loop, or whorl may be traced on their respective finger-tip patterns. In any 
one of these patterns, the ridges at the proximal end of the pattern, where 
the inclining of the pad was least, are disposed transversely, whereas at the 
centre, where the inclining was greatest, the ridges are thrown into forms 
characteristic of core centres ; and finally, from the centre to the distal end, 
where the inclining was intermediate in amount, the ridges are seen to be 
in arches successively mp.re open. The subdermal ridges (fig. 2) did not 
yield under pressure t6 >the sanle. extent as the intervening shallower 
portions of the epidermis, they were consequently more exposed to pressure, 
and as this caused them to hypertrophy, they came to be elevated in ril)s 
above the level of the surface (fig. 3) ; these ribs constituted epidermic ridgiss, 
and as they were moulded on the subdermal ridges, they pi*oduced a faithful 
replica of them and delineated the underlying piittern. 



(t 
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THE ANATOMICAL VARIATIONS PRESENTED BY A CASE OF A 
THORACOPAQOUS LAMB MONSTER, TOGETHER WITH AN 
ACCOUNT OP THE DEVELOPMENTAL EXPLANATION OF 
THE SAME. By Richard J. A. Berry, M.D. Edin., M.D. Melb., 
F.R.C.S. Edin., F.R.S.E., Profeaaor of Anatomy in ttie Univei'sity of 
Afellmime; and J. D. Sinclair, M.R.C.S. Eng., L.R.C.P. Lond., 
fomieidy Demonatratai^ of Anatomy in the HchiH)l of Medicii\e of 
the Royal Colleges, Edinlni/rgh. 

Some few years ago Profcsflor Berry was fortunate enougli to have 
presented to hiin by Dr F. W. N. Haultain of Edinburgh, two eases of 
human thoracopagous monsters, which were carefully dissected and fully 
described in the Jiritinh Journal of OhntHru^ and Gy meeology and else- 
where (1). More recently Professor Berry was similarly fortunate in having 
presented to him by Dr A. J. Beattie the same monstrosity occumng in a 
lamb. The dissection of this last case was undertaken by Dr J. D. Sinclair. 

The present example is a double female thoracopagous lamb monster 
of the sub-type known as stemopagus tetrabrachius, that is to say, each 
twin has two upper limbs, and the internal organs, more particularly the 
heart, show various degrees of fusion. The present specimen came fi-om a 
large slieep-farm at Luib, in Perthshire, Scotland, and if the shepherd may 
be believed, its rarity is shown }>y his statement, that it is the first example 
of the kind which he has met with in an exj)erience of forty yeiu-s with an 
average of 1000 lambs per animm. 

Externcd Ajypearances, — The line of fusion extends from the upper part 
of the thorax opposite the fore-limbs to the umbilicus. Both upper and 
lower limbs are perfectly free, and are consequently eight in numl)er. 
The twin on the right — hereafter always referred to as the right twin — 
measures, on the doi*8al surface, from the tip of the nose to the tip of the 
tail, 40 cm., whilst the left twin similarly measures 46 cm. The umbilicus 
is single and common to both twins, and contains three vessels. Coils of 
jejuno-ileum are distinctly visible at the umbilicus, shining through the 
peritoneum. Along the thoracic line of junction is to l)e felt a distinct 
bony ridge. 

The abdominal visccm were first dissected out and thereafter the thoracic 
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viscorft (tig. 1), Aft tlin variottn fitngcR of tlie dissection were iticiitiail with 
tliiwe of the Intiiiaii cnnen ali-eiwly rvfen-ed to (1), it ia uniieceasary to 
(Imcribe them n^iii. 

Tlif AUninilii)'!/ fiyntem. — Encli twin |K>n8&sscfl a ntoniach Fully formed 
liiid dovclo[»e<l and composed of four paitn — a niititiii. a reticidmii, a 



pHaltcriuiii, and an aboinnHnni. Fi'oin the alxiiuiuiuiii pivKcodn u duodemiin 
which uriitef) witli tlie duiMlrninn of tlic ojiiHisite twin, ho tiiat thore i« a 
nrugle duodenal tuln^ conihiiin to t>oth twins. Thu dti<>donal tube ineiMureH 
in all 20 cm. — 1 1 cm. of which Iwlongn to the iiglit twin, and 1) cm. to the 
left twin. Fioni the junction of these twii duodenal tubes pnxscwls a Hing)c 
jejuniun rnmrnon to both twins, and which mciisures IG2 cm, Tho je}ninnn 
possesses n mesentei'y on both side»*. with blood- vessels running along both 
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borders, and terminates below in a slight, pouch-lik^ dilatation 3 cm. in 
diameter. Fi*om this point onwards each twin possesses its own independent 
alimentary canal. Arising from the pouch-like dilatation in which the 
common jejunum ends are the two ilea, one for each twin, each of which 
measures 67 cm. Each ileum terminates at its own ileo-ca)C<il junction, 
the position of which is marked by a large lymph gland. The large 
intestine is perfectly normal in each twin and measures 74 cm. in length, 
whilst the ca3cal portion is 6 cm. in length. The alimentary canal is 
therefore perfectly nonnal, with the exceptions of the fused duodena and 
of the single jejunum common to both twins, that is to say, the alimenttiry 
abnormalities are exactly as they were in the two human instances 
previously referred to (1). 

The liver is a single structure common to lx)th twins, which sits, as it 
were, astride of the common and single duodenal tube. That it really 
results from the fusion of two separate livers seems almost certain, because 
two gall-bladders are present, and there are two distinct series of biliary 
ducts. 

The pancreas is reduplicated, there being one for each twin. Each 
pancreas is normal in position and is applied to the stomach and duodenal 
tube. The common bile-duct and the duct of Wirsung join together to 
form a single duct, and the single ducts so formed — one in each twin — 
unite together and open by a common orifice into the duodenal tnlxi exactly 
opposite the commencement of the jejunum. 

Tlie Re»piraU>ry System, — The raspiratory system is perfectly normal. 
Each twin possesses two pleural membranes and two lungs. 

Ttie Vascular System. — The vascular system, as might be expected 
from the thoracic fusion, is extremely abnormal. There is a single peri- 
cardial cavity, mesially situated, containing a single heart common to 
both twins. 

The IteaH is, as stated, a single structure common to both twins. It 
lies mesially, in the pericardial sac. What appears externally to 1x3 a 
large left ventricle occupies the major part of the anterior surface and 
forms the true cardiac apex. This ventricle is separated from what 
appears to be a right ventricle by an interventncular gi'oove. At the 
basal portions of these apparent ventricles, and overlapping them, is what 
appears to bo a single auricle, but there are, nevertheless, four distinct 
auricular appendages. 

On opening up the heart it was at once obvious that the apparent single 
heart was, in reality, two hearts fused into one. In this instance there are 
four auricles and four auricular appendages, and four ventricles. The heart 
primarily belonging to the left twin iq the more nearly normal of the two. 
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A reference to fig. I will show that the only abnonnalities in the heart of 
tlie left twin are : — 

1. Incomplete separation of the two ventricles. 

2. Failure of the inferior vena cava to open into the right auricle. 
An examination of the same figure will show that, as regards the heart 

of the right twin, the abnormalities arc moi-c numei'ous, thus: — 

1. The right side of the heart is inverted. 

2. The separation of the t^o ventricles is even more incomplete 

than in the left twin. 
«3. The mitral and tricuspid orifices are fused into one. 

4. The superior vena cava is a1)sent. 

5. The inferior vencs cava) fuse into a single vessel which opens into 

the right auricle of the right twin. 

The most remarkable variation in the gi*eat vessels of the left twin is 
the fact that the aorta and pulmonary artery, after an independent course 
from their respective ventricles, unite together beyond the origin of the 
right conunon carotid to form a single vessel, which is then continued 
onwards as the thoracic and alxlominal tiortie. From the thoracic portion 
of this fused vessel arise the right and left pulmonary arteries. 

From the arch of tlie aorta prior to its fusion with the pulmonary artery, 
arises, first, an innominate artery which divides into th6 left suljclavian and 
left common CiU'otid arteries, and second, the right common carotid artery. 

The pulmonary artery, prior to its fusion with the aorta, gives ofT no 
branches whatsoever. 

Beyond the fusion of the two main vessels arise the right subclavian 
artery, the right and left pulmonary arteries, and subsequently the two 
hypogastric and external iliac arteries. 

The most remarkable variations in the great vessels of the left twin are 
therefore : — 

1. The junction of the aorta with the pulmonary artery. 

2. The abnormal origins of the right and left pulmonary arteries. 

3. The abnormal origins of the two hypogastric arteries. 

In the right twin, as in the left, tlie aorta and pulmonary artery again 
join beyond the origin of the left conunon carotid to form a single vessel. 
Prior to its junction with the pulmonary triuik the aorta first gives off an 
innominate artery which divides into a right subclavian and a right conunon 
carotid artery, then comes the origin of the left common carotid, after which 
the aorta is joined by the pulmonary trunk. 

From the conjoined trunk arise the right and left pulmonary arteries, 
and thereafter the left subclavian. From the abdominal aorta arises a 
single hypogastric artery. 
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The most remarkable variations in the great vessels of the right twin 
are therefore : — 

1. The junction of the aorta and pulmonary artery. 

2. The abnormal origins of the right and left pulmonary arteries. 

3. The presence of but one hypogastric artery. 

The superior venu3 cavte are represented by a single trunk developed 
mainly in connection with the left twin, and joined by a smaller vessel 
from the right twin. The single trunk so formed opens into the right 
auricle of the heart of the left twin. 

The inferior venae cavfB are two in number — one from each twin. They 
ascend from their respective abdominal cavities through the liver, in which 
they fuse together to form a single trunk which opens into the inverted 
right auricle of the right twin. Such l)eing the more remarkable of the 
variations found in this specimen, it is now ncccasary to say something as 
to their embryological explanation. 

Orifjin of J)<nible Teiuta, — Amongst the numerous theories which have 
been put forward to account for the origin of double terata, one of the 
earliest w<us that which regarded them as due to the fusion of two originally 
separate ova. This theory is not, however, supported by fiu;t, and is 
untenable. 

A second theory of diplogenesis supposes the splitting or Assuring oE an 
originally single embryo, but here again neither exi>eriment{d teratogeny 
nor olwerved facts support such a view. 

Neither of these theories Iming suHicient to explain the numerous 
phenomena recorded, " it is now reasonable," according to Kallant^aie (2), 
" to suppose that the double nature of the organism is determined l)efore 
the appearances of the rudiments of the embryo in the germinal area . . . 
and that the formation of double monstei-s is decide<l either I>efore or 
during impregnation, and not after the appearance of the embryo. It is 
due therefore to a germinal cause." 

Working on this hypothesis, Berry first endeavoured to explain his two 
cases of human thoracopagi (1) by assuming the formation of two 
primitive grooves on a single ovum produced by bilateral segmentation. 
The position was, however, untenable, and was abandone<l in favour of 
the supposition that " the two embryos liml luuin d(ivclo|)ed from a single 
ovmn without bilateral segmentation." This hitter theory was found to 
account for the various abnormalities then recorded, and it is {)erhaps not 
unreasonable to assume that this may eventually be found the correct 
theory of the development of thoracopagous monsters. 

In favour of this theory there are the following facts : — 

1. Numerous instances have been recorded of duplicity ui)on a single 
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ovniii. RrferencoH to two sucli cases will suHico. Bryce (8) lias (lescril>ed 
a case of anterior cluplicity in a chick embryo of tliirty-four hours, in which 
there were two separate notochords throughout. The medullary canals 
were in part separate and in part fus(Ml. 

MiRS Duncan of AherdcMMi (4) luis descrilK»(l a similar case of pasterior 
«luplicity in a chick eml)i"yo» under the title of the " Anatomy of a Double 
Chick Knd)ryo/' 

2. IjJiguease and Bue (5), in an account of a monster with two heads 
and one lx)dy nu'asuring only I!) nun. in length, state that they think that 
there were iirst two primitive lines clobSe to one another, and slightly 
curved, with their convexities directe<l towards one another. At the 
extremities of these two lines were developed two distinct cephalic pro- 
longations, two neural canals, and two notcx^hords. Up to this point it 
would have l^en possible to have luul a |>air of twins from this condition 
had the two primitive lines Ikjcu suflici(;ntly distant from one another. 
But so close were they that there w«is between them posteriorly only a 
narrow territory of common blastoderm, so that in the sacral region, though 
there were two cords, there w^is only a single airtilaginous vertebral 
column. 

t). Duval (()), speaking to his theory of jHilyspermia, states that follow- 
ing uiK)U the |)ol3'spermia would be the apparition of two primitive streivks, 
which may take any position with regard to one another, at right angles, 
opposite, side by side, etc., and consecpient upon their relative position to 
one another will l>e the position and amount of fusion of the future double 
monstrosity. 

We are therefore of opinion that double terata residt from the evolu- 
tion, uix>n a single ovum, of two primitive gixxwes produced without 
bilateral segmentation of that ovum. 

As to why two germinal areas should be induced in a single ovum, the 
most generally acceptable theory is that of Duval. In this theory, poly- 
spermia is the chief, if not the only cause of redundancy of development. 
This theory is accepted, apparently in its entirety, by Laguesse and Bue in 
the article previously quoted; whilst Ballantyne (2) himself says, "The 
theory of polyspei'inia certainly affords a very good working hypothesis to 
account for the various kinds of double terata." 

The theory of polyspermia is not, however, universally recognised as 
affording the correct explanation of the occurrence of two germinal area^s 
upon a single ovum. Scliultze (7), for exami)le, rejects the theory in favour 
of the idea that diplogenesis is caused by some condition of the ovai'iau 
ovum Ixjfore impregnation, which condition he believes to be an incomplete 
cellular division. 
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Another argument which has been adduced against polyspermia as the 
cause of double teratti, and which has never been satisfactorily answered, is 
this — if the entrance into a single ovum of two spermatozoa ctui produce 
double monstrosities, why cannot three spcrmatozoti so gain access and 
produce triple monstrosities, and so on ad injiitituin ? 

Arguments such as these are difficult to answer, for in man, at least, no 
ocular proof can be adduced either in favour of, or against, polyspermia. 
These advei-se views notwithstanding, it seems probable that polyspermia 
is a determining cause of double terata, for Gemmill (8) in a valuable paper 
on " The Vitality of the Ova and Spermatozoa of Certain Animals '' says, 
'* It is a remarkable fact that polyspermia and irregular development are 
more apt to occur in the case of ova that are fertilised innnediately after 
being shed into sea-water, than in those which have l>een left to themselves 
for a little, e.tj. for from one to four hours before fertilisation is attempted. 
Apparently the short interval gives them time to round ofl* their circum- 
ference, and allows their peripheral layer to become accustomed to the 
medium of sea-water. ... As is well known, in the normal fertilisation of 
the sea-urchin egg, immediately after the entrance of the first s])ermat()zoon 
head, the peripheral layer of the ovum throws oH* a delicaite but iirm 
membrane — ^'the membrane of fertilisation' — which eirectually prevents 
the entrance of additional spermatozoa. In well-marked ca.ses of poly- 
spermia this membrane is never formed. It is to be noted, however, that 
when perfectly fresh ova are taken from urchins that are i)erfectly ripe, 
immediate fertilisation may be effected without the occurrence of more 
than occasional cases of polyspermia. But whenever the ova are taken 
from a gland that is either immature or half spent, more cases of poly- 
spermia occur with immediate than with delayed fertilisation." 

Qemmill's remarks seem to suggest not only that polysperun'a is a 
determining factor in irregular development, but also that the condition of 
the ovum has to be taken into account in the determination of monstrosities. 
It may therefore ho that cases of triple monstera are unknown, because 
the ovum, being a mononuclear structui-e, cannot possibly tolerate, for 
germinal processes, more than two spermatozoa, consequently double mon- 
strosities only occur. On this theory, which is merely adduced as a 
tentative reply to the argument as to why three spermatozoa do not gain 
access to an ovum and so produce triple monstei*s, triple monstrosities 
would result in the event of ])olyspermia occurring in a polynuclear human 
ovum, a contingency so improbable as to be outside the laws of chance. 

It seems to us, therefore, from our own observations and from a study 
of the works of others, that it is not improbable that double terata result 
from polyspermia occurring in a mononuclear and single ovum, the ovum 



Vai'iatioiiH prtiMeiiUKl by ii CJiuso of a Tlioracopagoiis Lamb Monster 79 

it«elf playing, in an a8 yet undiscovered way, some pathological part, and 
that fertilisation liaving (x^curre<l in this manner, development proceeds 
without bilateral segmentation. 

KxpUmation of the Vdviafiovs recorded. — Passing now to the con- 
sideration of the enibryological errors which resulted in the various 
abnormalities in the cose herein rccoitled, it may be stated that the 
inti^stinai variiitions of the single ducxlenal tulx\ the single jejunum, and 
the hepatic and pancreatic variations are all alike due to the development 
of the two twins from a single ovum, with but one yolk sac between them, 
ivs is fully explained in Berry's pajwr (1). 

The explanation of the remarkable ciudiac variations is more difficult, 
but is probvbly as follows: — 

From the descripticm which has already lx»,en given, it is obvious that 
the apparently single heart has in reality resulted from the partial fusion 
of two originally distinct tubular hearts. The fusion of the two inferior 
venje cava) to form a single structure further shows that the fusion of the 
two originally distinct tubular hearts has Iwen most marked in the region 
of the sinus venosus, whilst the greater im2)erfections in the auricles of the 
right twin and the absence of the su[)erior vena cava show that the fusion 
has affected the right twin more than the left. 

The abnonnalities in the heart of the left twin, namely, the incomplete 
s<»paration of the two ventricles and the failure of the inferior C4iva to open 
into the right auricle, are due, the ffrst to failure in the development of 
the pars membranacea septi, and the second to the fusion already described 
as liaving occurred in the region of the sinus venosus. 

In the heart of the right twin the variations mentioned were : — 

1. The inversion of the heart. 

2. The incomplete separation of the ventricles. 

3. The fusion of the tricuspid and mitral oriiices. 

4. The absence of the superior venre cavie. 

5. The fusion of the two inferior venaj cavoe. 

The invei-sion of the heart is referable to the V-shaped bend made under 
normal conditions by the ventricular part of the embryonic tubular heart 
to the right having had to take place to the left on account of the presence, 
on the right side, of the heart of the other twin. 

The incomplete separation of the ventricles and the fusion of the 
tricuspid and mitral orifices is due to failure in the development of the 
pars membranacea septi, and of the septum intermedium, which last, under 
normal conditions, "projects like a stopper into the auricular canal, and 
divides the latter into the two auriculo-ventricular orifices, and also grows 
down beyond that canal to meet the uprising ventricular septum.*^ 
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The absence of the superior vena cava is probiibly due to a fusion of 
the adjacent ducts of Cuvier of tlie two twins consequent on the fusion 
in the region of tlie siims venosus, whilst the fusion of the two inferior 
veniB cava) has been already explained. 

Passing, in the Itist place, to the explanation of the variations %\\ the 
great vessels, it may be stated that what might have been a diflicult 
task has boeii rendered easy by the admirable article on this subject 
by Professors Young and Robinson in Cunningham's TcxI-IUhjIc of 
Anatomy (9). 

Commencing with the left twin, the presence of a right-sided aorta 
makes it clear that we are here dealing with a case of absorption of certain 




of the cephalic aortic arches of the left side of that twin conse(|uent on the 
presence of the other twin, and the consequent persistence of the right-sided 
cephalic aortic arches. 

The fifth left cephalic aortic arch is entirely suppressed, whilst the 
whole of the fifth right aortic arch has remained as the pulmonary artery 

The aorta has resulted from the persistence of the ventral root of the 
fourth arch, the fourth right aortic arch, and the dorsal root of the same 
arch. A reference to fig. 3 will show that persistence of the fourth and 
fifth arches in the manner descrilx^d must inevitably result in the juncti^'ii 
of the aorta and pulmonary artery as found in the specimen. 

The origin of the left sulxslavian and left common carotid arteric 
from a short innominate trunk is normal, with the exception that the 
vessels are necessarily inverted consequent on the inversion of the aorta. 
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that in to Ray, the innominate artery has here rasulted from perHintence of 
the ventral root of the fourth left arch instead of from the fourth right 
arch. 

The origin of the right connnon airotid artery is also nornml, with the 
exception of the inversion. 

The right snliclavinn has appan^ntly grown out from the dorsal aorta 
op|K>site, or caudal to, the fifth arch; at least, tliis seems to he the only 
possible explanation of the position of the vessel beyond the point of 
junction of the aorta and puhnonary arteries. If this explanation be the 
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correct one, tl»en it is obvious that the origin of the vessel is abnormally 
tar back. 

The origin of tlie right and left pulmonary arteries from the descend- 
ir.g thoracic aorta can only lx> explained on tlni aasumption that they are 
abnormal outgrowths from that vessel, or else by supix)8ing that bronchial 
arteries have replaced the pulmonary arteries. In view of the remarks made 
in Qtuii)i*8 Anatomy (10) that wises have been seen where "the right and 
le't pulmonary arteries have received their supply of blood from the aorta," 
the former assumption is perhaps the more correct. 

' The abnormal origin of the h3q)ogjistric arteries as terminal branches 
t^f the abdonn'iml aorta is presunuibly due t^) suppression of the connnon 
iliacs. 
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The great vessels of the right twin are normal, with the following 
exceptions : — 

The whole of the fifth left cephalic aortic arch haa pei-sisted, with the 
necessary result that a junction haa been thereby cftected Ixitween the nortti 
and pulmonary artery. 

The aortic origins of the right and left pulmonary artiM-iiua are to bo 
explained as in the left tAvin. 

The origin of the left subclavian has been shifted eaudalwards an in the 
left twin. 

The abnormal origin of the hypogastric artery is possibly, though not 
certainly, due to the suppression of one common iliac artery. 
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(HJSKIIVATIONS <IN TIIK IIKAI) OF THE TIBIA. 
l!y F. t.i. I'Alist'Ns. I'MLCS. 

'I'liK olijccl of thin ci>iiiiiiiii)imlioii in tiy kIkiw tlint tlic toriii o[ the tibial 
Iirnd luid Hpiiii; (Icih-iuIh lHrf;cly on tlic airniigfiiicnt of tlic contiguous soft 

The fipinu i»f thts tibm alwayn vtiimiHts of two ctiiinoiivcR pliwcd biiIo by 
Mido ((I (Mid J, fifj. 1), iuhI BC|Mvititi;d by ivii nhlii(in! giwjve which runs IxMsk- 
wwd mid oiitwiHiI, Kiich of thow L'lniiicnci^H i« the poi-tion of the articular 
surface which is ueai-cst the centre of tlie lieiwl of the tibia; and eacli, no 
doubt, rim;s up lu'ii'. Imkmiusc it c>ri-eH[)niids to the iiitcrcondyhvr notch of 
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Uio femur, for liere the licivd of the til)ia iH ndieved from iwesBUi-e, Aa far 
as the femur ia conccmed, there is uft reiLson why UieBe euitnenceH should 
not extend forwai^I and biickwarfl n« two long ridges, or, indeed, why they 
nhould not unite into one long ridge occupying tlie whole antero-{X)stcrtor 
juirt of the mid-line of the tibial liciul. On looking at fig. 2, however, it 
will lie seen that the exti;rnal tubercle in limited anteriorly and [K>stcrior]y 
by the two horns of the external semi-lunar cartilage, while hitcrnally the 
antei'ior cnicial ligament hounds it and lies in the obli«|ue gnxjve separat- 
ing the two tubercles. 

The internal tubercle is not Ixtinided anteriorly and posterifirly hy the 
scmi-Imiai' cartilage, as the outer one is, but by the anterior an<l posterior 
crucial ligaments, which in this |Hirt of their coui-se ai-e parallel to one 
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another — tlieir long axua iiiiiiiiiig Uickwai-d and outwat-d. Owing to this 
obliquity it Ih evident that tliu itntuio-intiii-nal and poaturo-extvnial paitH 
oF the internal tubercle of the tijiine are not pretwod upon, and bo thi» 
tubercle is prolonged forwai-d and iiiwanl by a flight ndge, and biu;kwni-d 
and outwaitl by a marked, ubliipie, rounded ridge, which i do not i'einenil)er 
seeing described, but which, nevertheleHU, T believe is alwnj'H preaont 

(A «B. !)■ 

In front and iMtbind this ubllipiu ridge lie the anterior and poyteriur 
crucial ligaments, and it riticH up just where the heml of the tibia is 
relieved from the pressure of these ligameut.s in extension of the kucc. 
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Along the summit of this ridge, no far as the internal tul)ei-c)e, the posterior 
iibres of the posterior cornu of the external setni-Uinar cartilage are 
attached (fig. 2, y). 

This is letter seen when the crucial ligameiita ai-e rcHccted (fig. 3, y). 

On making a sagittal section of the fully extended knee, the ridge, with 
ite superjacent fasciculus of the j>osterior coriin of the external seiui-lunar 
cartilage, in cut alinast tnumvei-sely (fig. 4, y), and its itilntion Ui the anterior 
and {KMtei'ior crnvial ligaments (fi and S, lig. 4) ih mIiowh. 

This section, too, illustrates the amount of foi-ce which the posterior 
crncial ligament miiat exert in making itti nbli<iue groove during full 
extension of the knee, for it is ai-ched with its convexity upward and 
htckward. 
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To i'C4-ii))itnlHli;, I sliiiiikl (liiHcrilMt tlm K|>iiut of t)itt tibiu an consistiui; of 
two liiU>m) tuld'i-cU'H. mjiiiniU'il hy imi ulili<|iu- {iixK)ve, in tlio niitciiui' iwrt 
of wtiu'li liiw till! niiU'i'iot' cniciiil li<r»iiii'iit ; wliilc tliu internal tulieiclc is 
prolongiiit luickwdi-'l luid onkiviinl liy ivr) ol)lii|nu tidfrc, to wliicli pnit of 
the pofltcrior cunni of the cxtcrruvl wiiii-lnnivr ciutilaj^' is nttncliccl. In 
iwlditiiin to tin; Bjiini-, otiicr Imny vniincnci'M, iniirkiii^ the other lihrous 
nttachnieiitfl, may iiHtially )h! ntfiii if lookei) for. 

The nntcrior cnniii of tlir exUnnnl Kcini-lunar cai-tilagc is attached junt 
ill fmitt iif a sli};ht ohlii|nt' tiilf;r (f, H;p<. 1 , 2, anil 3) which runs forwaitl and 
iiiwan) fi-oni thi) oiih-i- tiilwiric, and rornin tin; ftiiUn-ior homidary of the 
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oblique gHMJve {y, tig. I), wliieh iimy Ix? ftjiokon of as the anterior ci-ucial 
groove. The R[ir>ein)oii (lig. 3) of the soft |)firt« iilso nhows that some of the 
anterior fibres nf this cornii me coiitiniKMl iiit(3 the onter pari of the 
anterior ernciivl li^^nmoiit; but this is well known. The main i>art of the 
IMi«t(M-ior eorini of the exteriiiil sonii-hinar eartittige ((ig. tl, ti) is nltached 
Jnat I>ehiri(i n small rldgo which rniis lutross the long nxis of the anterior 
crucial gntove, dividing it into an anterior part for the anterior ernciat 
ligament, aiid a jxinterior jmrt, iii whieh the anterior hbrcs of the poeterlor 
comn of the uxt«rnal senii-hniar cartilage Jie. This ridgo is shown jnst 
in front of y in tig. I, and forms the summit of the anterior erncial gioove 
which slopes downward fi-oiii it l.)otli anteriorly and pofiteriorly. 

The exact posterior attacliinent of the external semi-lunar cartilage is 
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therefore at least triple ; tlie anterior fibres (a, tig 3) pass tu tliis vidge in tliu 
anterior crucial groove, the more posterior fibres (y, dg. H) pom along, and 
are attached to, the oblique ridge separating the anterior and posterior 
crucial gi-oovcs, while the inmt posterior fibres of all (f, fig. 2) run up to tlio 



Fin. 4. — Median ugiltul uclion uf Iciiflo -joint, (^) 

femur iKshiiid the {xtstencir crucial ligiuiiiint, iuh the ligament of WrixWrg. 
Thti untei'iur attachment uf the intenial semi-lunar cartilage is to the inner 
side uf a slight ridge which is usually present in the mid-line of the lieatl of 
tlie tibia, at the junction of ita anterior and second ({uarters (fig. 1, »); 
tig 2 a). 

The posterior coniu of the internal semi-Uiiitu' cartilage is attatched to 
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tlie floor of the posterior crucial groove, where a small eminence (fig. 1, f) 
is sometimes present. 

The tibial attachment of the anterior crucial ligament is indicated by a 
little knob (0, tig. I and fig. 3) on the outer margin of the internal articular 
factit. Fmm this tlie attachment nnis tninsvei*sely outward to about the 
mid-sagittal line of the tibial hea<l. It will \k\ noticed by referring to 
figs. 2 and 3 that this tulwrcle (0) rises up just where it is relieved from the 
pressure of the anterior crucial ligament posteriorly, and the anterior comu 
of the internal semi-lunar cartilage anteriorly. 

The attachment of the posterior cruci^il ligament is seen in fig. 4 : it is 
to the junction of the superior and posterior surfaces of the head, but I 
have not noticed that it is indicated by any special lx)ny elevation. The 
l)est de-scription of the he^id of the tibia with which I am ac({uainted is that 
in Humphry's Hivvutn Skeletov, but I cannot agree with the author in 
several {)oints of exact detail ; he does not, for instance, lecognise the two 
crucial grooves or the obli(pie ridge separating them. I should not, how- 
ever, liave taken up time in discussing these i>oints had 1 not believed 
that there is a definite mechanictU reason for each one being as it is, and 
that they are good examples of a broiul generalisation, which we all know 
but do not sufficiently imi)re.HS uix)n our students — that bones are moulded 
by the contiguous soft parts much more than they mould those parts, and 
that every litth^ el«»vation and d<»pr<»Hsic»n has its meam'ng. 

Foi- the photographs I am indc^bted to my friend and pupil Mr Lupton. 



NOTE ON A CASE OF ABNORMAI^ DISPOSITION OF THE 
PEKITONEUM. By Di- J. 1). Licklky mid Dr J. (Jamkiion. 

The following case from the diaaectiiig-rooni of Manchester ITiiiveraity 
presents some points of enibryologicai iiii{)oi-tance. The snbject was a nuile 
fflt. 62 ; the cause of death was nnaasociatcd with the int«ujtinal arrangement. 
On opening the abdominal cavity the arrangement of the stomach, 
transverse colon, and great omentum was apparently normal. When the 
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omentum was thrown upwardH the small intestines were seen to be 
enveloped in a peritoneal sue distinct fiYim the |ronernl pcriU)nual cavity. 
The sac watt cut open transversely, and it« connectioiiH were found to l>e ua 
follows: — Ma ixtstorior wall wiut formed by {leritoneuin covering the 
posterior alxlominal wall from the lower border of the pancreas to the 
sacral promontory. From this wall the jMnitonenni was reHected to fonii 
the mesentery of the small intestine. The line of reHection of the mesen- 
tery was practically pamllel to the mid-()oi-sal line, and was situated to the 
left of the vertebral column. 1'he anterior wall of the aac contained in its 
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upper part tlie third and fourth portions of the duodenum. The relation- 
ship of the superior mesenteric artery to the duodenum was therefore 
disturbed, the artery passing down in the hvyei-s of the mesentery behind 
the dufxlenum. 

Laterally, the walls of the sac could be followed to the ascending and 
descending colons. On the right side the sac wall reached <|uite to the 
a,s(XMiding colon, so tliat the wall of the sac was prm^tically in tlio line of the 
ileo-colic junction, the terminal end of the ileum lying within the sac and 
the oecum innnediately outside. On the left side the sac wall was just 
short of the descending colon. A general laxity of the abdominal wall was 
shown by the presence of small fatty hernia) through both inguinal and 
femoral rings, and through the right obturator foramen. 

The explanation of this condition is to be found in an abnormal process 
of development. In the rotation of the gut which results in the translation 
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of the caecum to the right side, and the splenic flexure to the left, the 
original mestnitery which l)ound down these parts to the middle lino of the 
p()st<.'rior aWlominal wall has been rotaintMl. This hius been associated with 
u displacem<;nt of the. mesentery of the small int<'stine slightly to the left 
side, so that the small inte-stine, in.stead of growing downwards and to the 
right below the mesentery of the large intestine, has grown down under 
cover of it. The wall of tlie abnormal sac Iwis thus been derived from the 
original mesentery of the large intestine, and therefore consists of two 
layers (tigs. 1 and 2). The transverse mesocolon has undergone the usual 
series of fusions, resulting in a normal adult form. The duodenum has not, 
however, Ihmmi pushed against the posterior abdominal wall, as should 
normally occur. This failure has probably been associated with the 
presence of the superior mesenteric artery behind it. As a result, the 
duodenum is found enclosed between the layers of the original mesocolon 

Cleland ' has recorded a case of an abnormal peritoneal sac enclosing 

' Journ. of Anat. and Phjisiol., vol. ii., 18G8, p. 201. 
VOL. XLI. (THIUD SBH VOL. II.) OCT. 1900. 7 
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the small intestines. In Cleland's specimen the greater portion of the 
anterior wall of the sac extended between the stomach and the transverse 
colon, and was derived from the peritoneum " on the concavity of the arch 
formed by the ascending, transverse, and descending colons." The trans- 
verse colon, accoixiingly, lay in the lower part of the anterior sac wall, 
whereas in our case the sac did not become exposed to view until the 
transverse colon and great omentum had been turned upwai-ds. Further, 
in Cleland s case there was a small opening in the anterior wi\ll of the rnic, 
immediately above the ileo-colic junction ; but in our specimen there were 
no evidences of an apertui*e in any part of the sac wall. 
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THE MECHANICAL SUPPORTS OF THE PELVIC VISCERA. 
By Professor A. Melville Paterson, M.D., Liverpool. 

In these days of frequent operation for the removal of pelvic viscera, and 
of plastic operations on the pelvic floor, it is necessary for surgeons to 
possess an exact knowledge of the mechanical supports of the pelvic viscera, 
and for anatomists to reconsider their conceptions of these relationships. 

One has no hesitation in asserting at the outset that the accounts of 
tiio pelvic fascia given in the standard text- books on anatomy are in many 
resp»ec(s erroneous, and that there are important features of the fascia in 
relation to the viscera and floor of the pelvis that have escaped the notice of 
even such comi)ctent observers as Berry Hart (4) and Peter Thompson (8). 

The most accurate account of the disposition of the fascia that one has 
met with is that by Stonej^ (6). But even here, while the main conclusions 
arrived at in tliis paper are actually figured, there is no mention in the text 
of v/hat one regards as the essential feature in the arrangement of the fascia. 

The Pehnc Floor, — In order to have a proper conception of the method 
of snj>port of the pelvic viscera, we need at the outset a precise knowledge 
of what constitutes the pelvic floor. Just as from the perineal aspect the 
floor of the pelvis may be divided into a posieruw or dorsal part, containing 
the oDfil nnuil, surrounded by the ischio-rectal foasro and characterised by 
looseness and distensibility ; and an anieinor or ventral part — the nrefkral 
frifn)(f!f>-^r.nuin\\\\\\^ the geni to-urinary passi\gc8, siipported by the tri- 
angular ligaments and the i-oot of the penis, and characterised by Arm 
fixation to the pubic arch; so from the abdominal aspect also, the floor 
of the pelvic basin is similarly constituted, so as to provide a piMei'ior or 
dorsal portion — a rectal channel — in which the rectum lies loose; and an 
antei^Uyr or ventral portion, containing the genito-nrinjary passages, which 
arc flrmly fixed to the pelvic floor and walls by an investment of pelvic fascia. 

The structures which constitute the jwlvic floor are (1) the symphysis 

VOL. XLL (THIRD 8BK. VOL. If.) — JAN. 1907, 8 
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pubis; (2) the triangular ligaments enclosing the membranous urethra, com- 
pressor urethra), pudic vessels and nerves, etc. ; (3) the " central point of the 
perineum " or " perineal body " (Synungtou), the mass of tissue intervening 
between the base of the triangular ligaments and the front wall of the 
anal canal, and containing the fibres of the bull)o-cavernosus, external 
sphincter ani, transvei-sus perinei, and recto-urethrales muscles; (4) the 
levatores ani and external sphincter ani muscles, on either side of the anal 
canal ; and (5) the " ano-coccygeal body," between the anal canal and the 
coccyx, also containing muscular fibres of the external sphincter ani, recto- 
coccygeus and (particularly) levator ani muscles. 

The points to which one would direct special attention in the following 
account are the disposition and relations of the pelvic fascia to the pelvic 
viscera as they are approaching or passing through the pelvic floor. 

Materials, — Besides numerous dissections of the pelvic contents in the 
human subject (male and female), one has also utilised human fretuses at 
full term ; and has controlled and amply confirmed one's observations by 
dissections of the following mammals : — 

Kangaroo (male) ; horae ; duiker bok (Cepludophivs Qrivimii) (female) ; 
Persian goat ; 3 chimpanzees (2 male, 1 female) ; and porcupine (female). 
For most of the animals named I am indebted to l)r H. O. Forbes, Direc'uor 
of the Free Public Museums, Liverpool. 

I have further to acknowledge my indebtedness to Dr T. B. Grimsdale 
for opportunities of observing the disposition of the parts in the l.iving 
subject, during operations on the pelvic floor performed by him at the 
Liverpool Royal Infirmary. 

Method. — One's first method was by dissection from alx)ve. The pelvis 
was sawn across obliquely (parallel to the pelvic brim), in a line just alK)ve 
the great sacro-sciatic foramen. This section of the pelvis gave moi-e room 
for the examination of the pelvic viscera and iloor. The peritoneum w^is 
stripped off the rectum and bladder and the extra-peritoneal tissue was then 
removed. By this means we can easily demonstrate the essential features 
of the pelvic fascia in relation to the viscera. 

It was found that a still better mode of demonstrating the arrangement 
by which the pelvic viscera are supported was by means of a mesial 
{aagittid) section, through the symphysis ))ubiH, |H)lvic viscera, and vertebral 
column. One could then most easily detiich the peritoneum and extra- 
peritoneal tissue, and clearly demonstrate the relations of the pelvic viscera 
not only to the pelvic fascia, but also at the same time to the pelvic floor. 

TJie Pelvic Fascia. — The pelvic fascia in the firat instance forms a mem- 
branous covering for the muscles of the pelvic walls, — continuous except for 
the perforations for the obturator nerve and the parietal branches of the 
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iiitemal ilinc Jirtcry. It is cniitiimmiR with tlie perinfttcum over the pelvic 
surliicc of tlie pubis, and is attached to the iflcliial spine. 



Fin. 1. — MfwUl n»:tioii ottUn {mlvis in the liuniHii aubjeot (nule) 

This layer is ntiictly parietal. Sweeping dowiiwaidfi over the ohturator 
interiiiiB, pynforniis, aiul ischio-coccj-geiw imiscles, it clothes the pelvic 
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Fin. 2. — Mesi*l seolion units pdvia in tlie liumin labject (mala). 

surface of the levator ani, and ultimately gaiiia an nttaclnnent to tlie pelvic 
floor {]) to tlie posterior layur of tlic triangiilai' lij^iunont in front of the 
levator ani, (2) to the central point of the perineum, (3) to the t 
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iiiont of tin; mini cimnl, and (4) Ut tlin anococcygeal body, where it jxisses 
over tlie innertioti ot tlic levator mii to the opposite Bide. 

At tlie anterior boixler of the liivator ani it in continiioiiH with the 
{)ORti;rioi' layer of the triim^jiihir ligament; at its jMisterior iKtrdcr it is ctn- 
tinnouH with the fascia covering the pelvic surfivce of the ischio-coccygeiis. 

(Ivor the origin of the levat«i' ani the fiiMcia presentH Hfivifd Iku-kvnnl 
IhukI", ot which the most important in the " white line " whicli etretchefl like 
a l)ow-string Ijetwcen tlie ischial spine and tiie hack of the pubic nym- 
physis. Associated with it ore two or more additional bands, one of which 
passes forwards in front of the obturator hole ; another passing upwards 
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to the bonier of the great miot-o-wiatic notch. These Ittinds am well siiown 
in Watci-HUmn sU'reoscopic J/Aw oj' Ancf'imi/ (section ii„ No. (i). 

The white line and tliene lulditioiuil ImukIs have no definite connection 
with the oiigin of the Ievat.4>rani tiniwle. As i« W(;ll known (TlioiM[)Hon (9)) 
the filii-es of the innscle often irnss up ton level higher than that represented 
hy the whit« line. 

The veal Kignilicaiice of this thickening of the ]R'lvic fancia is in con- 
nection with the formation of the Huspciisory ligivments of the genito- 
urinary organs to Iw refei-rud to hitei'. 

One woidd snggent that the term " visceral " (>elvie faj^eia should be 
droppeil alt^igelher, its confusing and inisk'a«ling. The only viscera invested 
hy pelvic fascia ai-e the genito-nrinary organs, the prostate. ve.siculiB 
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sominates and vosa dtiftii-eiitiii iti the iimlu, and tlic vagina and iit-utlira in the 
female ; and these aie inveuted and mispunded hy a special fold of the pelvic 
fascia, for which I ventiii'o to Hiiggeat the tei'iii " siwpeiisory ligaiiieiitii." 



M<-cliiiiiu-jil .Sii]i[Hii-t.s of fill' I'flvic Vinci-fa llfl 

Wlictlier tlie (liHst-ctidii in iiimir fmni nUwc or aftei- nienial section of 
the polvia, it is iH'rfcctly ol>vii>ii»t tliat the rectum and the gGiiito-urinary 
poAsagefl nre related to the i>elvic fiisciu in quite diffeteiit ways. Tlie rectum 
(lencenda to the pelvic flour, where the aiml canal I>e^ii8, invested by a dense 
layer of extni-piritonoul tinsiie Imwely iKlhci-ent to it and devoid of fat; it 
occupies n eliannci )iue<l l»y ]nl\ ic faswin, whicli Bweepn down over the levator 
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HUMAN-.(7) 

Fm. B,— TliciTiKliitiri'lmnBdrvBiiiB. 

ani on each side so aa to ^in an nttachinent to the pelvic floor at the commence- 
ment of the anal cnnal. TliiH (irrarigonieiit is fully deBcribed by Stoney (6). 

The anterior wall of this rectiil channel is formed by the special layer of 
pelvic fascia which invests the fjeni to- urinary passages. 

The rectum therefore occtipyiti{( tlie posterior or dorsal section of the 
pelvis, is altogether free and se[>aritte from adhesions of the pelvic fascia: 
it lies loose in it« special channel, clothed hy extra- peritoneal tissue, and is 
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free to distend and collapse. The shape of the rectum is, however, modified, 
as we shall see later by the disposition of the suspensory ligaments of the 
genito-urinary organs. 

The suspensory ligament of the genito-urinary organs arises from the 
general fascia as a ci'escentic fold in the neighbourhood of the ischial spine 
(fig. 2). The posterior edge of the fold is concave, and is pierced by vessels 
aiid nerves, and nearer the middle line by the vas deferens Further 
forwards this fold divides at its attached edge into two separate layers, 
which, arising independently from the general fascia covering the levator 
ani on its pelvic surface, pass inwards; one (anterior) arising from the 
white line, passes over the side of the prostate to the junction of that 
organ with the bladder ; the other (posterior) passes across the back of the 
prostate, and separates it from the rectum. This posterior layer extends 
upwards so as to form a sheet of investment for the vesiculaa seminales and 
vasa deferentia. This is rather in the form of a septum than a sheath : it 
separates the vesiculie seminales and bladder fi*om the rectum, but allows 
the vesiculiB seminales to rest directly against the bladder. It forms the layer 
of pelvic fascia bounding the rectal channel in front. It is attached to the 
floor of the pelvis — to the perineal body — ^between the base of the triangular 
ligament and the origin of the anal canal, just above the internal sphincter an^' 

The anterior layer of the fold is synonymous with the '* lateral t 
ligament of the bladder." It contains a distinct layer of muscular fi 
in its more anterior portion (Cleland and Mackay (2), Thomson Walker ( ^ , , 
and encloses a channel or sheath for the vesical vein on each side, which 
eventually pierces the crescentic margin of the fold and joins the internal 
iliac vein. Tracing this layer forwards, it becomes continuous with the 
" pubo'prostatic ligament " or " anterior true ligament " of the bladder. As 
already pointed out by Richardson (5), this band of the fascia is separable 
into several layera by a plexiform arrangement of veins formed by the 
subdivision of the doi*sal vein of the penis joined by vesical and prostatic 
veins, and by communications with the internal pudic vein. From this 
plexus the vesical vein arises on each side. 

The pubo-prostatic ligaments are extremely short, and the layei-s of 
fascia of which they are composed are inextricably blended below the 
symphysis pubis with the sub-pubic ligament and the posterior layer of the 
triangular ligament; the several layers radiating from this origin, after a 
short course unite with the anterior layer of the suspensory ligament over 
the front of the prostate gland. 

The sheivth of tlie pi'oaUUe gland (fig. 3) is therefore fonned : — in front, 
by the anterior layer of the suspensory ligament, with the addition of the 
Imnds of the pubo-prostatic ligaments ; posteriorly by the posterior layer 
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of Uic mls[M;naory ligniiioDt: JnU'rnlly ill innii it in forincii by tiie general 
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ivity in tlie liuman oubject (virgin raniale). 



{Milvic fivFu^ia euvoctitg tlio )H.-lvic RtiifiicG of the levntor uiii inUHcle ; mid below 
it in uiiiijilctt'il liy tlic poRU'i-ioi- layer uf tlie tiiaiigular ligaitiiiiit. 

There are {{leat (JiH'erencea in the Hepfti-aWlity of the aheath fi-om the 
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proper capsule of the gland, possibly dependent on differences in the prostate 
itself. In many cases it is a matter of ease to separate the sheath ; the 
chief adhesions being in the middle line on its anterior surface, and along 
the lateral borders of the gland. 

It is important to note that the vascular plexus does not, as stated by 
many writera (including Preyer (3)), lie between the sheath and the capsule 
proper, but is placed between layers of the pelvic fascia which constitute 
the sheath of the gland. The vessels are most obvious in front of the 
prostate, among the layei-s of the pubo-prastatic ligament ; and posteriorly 
in the crescentic fold of the suspensory ligament on each side of the prostate 
gland. As already stated, the vesical vein runs in a sheath formed in the 
" lateral true ligament " on etvch side of the liasc of the bladder. 

In the female (iigs. 6 and 7) the arrangement of the fascia is essentially 
the same. A crescentic fold extends across the pelvic cavity, forming on 
each side the suspensory ligament of the vagina and urcthi-a. Behind it 
is a capacious rectal channel, lined by the pelvic fascia as in the male, in 
which the rectum lies loose and free down to the pelvic floor and the 
beginning of the anal canal. 

The suspensory ligament in the female divides, as in the male, into 
anterior and posterior layers to onclose the lowiir {MU'ts of the urethra and 
vagina, so that the bladder and uterus are left tis intra-pelvic organs. The 
anterior layer, as in the male, has a lateral attachment to the white line, 
forms a sheath for the vesical vein, and constitutes the '' lateral true liga- 
ment " of the bladder. It is continuous in front with the '' anterior true liga- 
ment," which consists of radiating bands of fascia extending from the sub- 
pubic ligament to the urethra, and containing between the layers a plexus of 
veins. The posterior layer passes across behind the vagina : it intervenes 
between the vagina and rectum, and is attached below to the pelvic floor, 
behind the vagina and in front of the commencement of the anal canal. 

In addition to these main layers, there is also in the female an inter- 
mediate subordinate layer of the suspensory ligament, which extends across 
the middle line between the lower parts of the urethra and the vagina, and 
is attached below to the posterior layer of the triangular ligament. 

In both male and female this suspensory ligament is extremely vascular : 
along the upper and lateral part of the prostate in the male, and alongside 
the lateral fornix of the vagina in the female. 

The ureter lies altogether alx)ve the ligament, and clings to the peri- 
toneum when that is stripped off*. I^he recto-vesical fold of peritoneum in 
the male, and the recto-uterine fold in the female, are also above the liga- 
ment, and correspond to it in a general way ; but they are separated from 
it by the extra-peritoneal tissue and the internal iliac vessels. 
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Ijike till! Htnietim'H in tlie ])ut'itu'niii. the viscem poHBing throii^li the 
IHilvic HiKtr hftve n cliHbient <hK|K>Ritioii in rpfi]K!ct of their mechanical 
Hui>porta. Tlie genito-urinary pnwmges are (irmly fixed by tlieir suspensory 
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ligamuntn: tlic rectum deHcends in iv rectal channel, niid is altogether free 
from adliRsionn of the pelvic ftwcia. 

The rectum iH modified in shape by ita relation to thone eunpensory liga- 
ments. In many ciuien a permanent fnlil of the whole rectal wall (figs. 1 
and G) is produced by the ct'cscentic margin of the ligament, dividing the 
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rectum into an upper portion wliieh in related to tlie ba«k of tlie bladder 
and vesiculffi tieminateo in tlie mate, or tlie upper jwrtion of the hack of the 
vagina and the pouch of IJoughva in the female ; and a lower portion (the 
rcct«il ampulla) which lies againut the bock of the prostate in the mule, or 
the posterior part of the lower surface of the vagina in the female. This 
lower part of the rectum may l)o distended so as to occupy coinpletety the 
wide cavernous space below and behind tlietie suHpenaory ligaments. 

CHIMPANZEE. 



OoMPAUATivE Anatomy. 

Having xati.sKcd one's self of the consttmcy nf the tvii'angtinient of the 
pelvic fascia in the human subject duHcribud above, investigations liavc been 
made into the maimer of supix>i't of the pelvic viscera in certain mamnmla 

Speaking generally, the mechanical supports of the pelvic viscera are 
essentially the same in the animals exauiine<l as in the human subject. 

The rectum ]>usses to the ptilvic Hour, where it gives rise to the anal 
canal. In Its course it occupies a rectal channel Ixiunded latenilly by the 
fiuicia covering the pelvic surface of the levator ani, and inferiorly by 
the posterior layer of the su8pens<»ry ligament of the geni to-urinary organs. 
It is free fmni lulliesion of the jielvic fiu<eia, t'riiiti which it i» Hc)HU-aU:d by 
the extra-peritonettl tissue. 

The gen ito-itri nary organs ure slung and ensheathud by a suspensory 
ligament, which possesses the same crescentic (superior) Imrder as in man 
{pierced by ves.sels and nerves). 

In the chimpanzee (%. K) the ligament has the same disposition as in 



Mocliaiiics) SuppoitH of tl»e Pelvic Viecera 



KANGAROO. 
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mnii : in other worda, the ponterior and antetior layera, whicli invest the 
gcnito-urinary passageB, have an indo[>cndcnt and separate oi-igia from the 
fascia coveting the pelvic sarface of the levator ani muscle. 

lu the other aniinaln disaect^id — home, dniker bok, Persian goat, and 
porcupine (figs. 9, 10, and 11) — the suspensory ligament arises as a eiiigU 



hiyer Ei'oin the general fascia ot tlio pelvis, and subsequently sepai'ates to 
fonn the investing sheath of the gcnito-urinary organs. 

DifTcrences in the aFraiigenients in the scvei-al animals were due to the 
ditrcrences in the development of the levator ani muscle. In the duiker bok, 
hoi'se, Persian goat, and porcupine, the nniscle is small and has no pubic 
origin ; in the kangarcM) {iMacmpitH jfii/aiitntx) it is well developed, and Unf- 
an extensive origin from the whole length of the pubia In the former ex- 
amples, the fascia enclosing the levator ani becomes continuous at the ventral 
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bonier of thnb imiHclfi witli tlic fnflcin lining tlic obturator iutemus, and the 
sns^nsory ligament han thei-eforc in hucIi etines nn additional attachment 
to this fancia. In the conc of the kangaroo the levator ani extends to the 



FERilAM GOAT. 

Fki, II.— BtesUI B«ctioiinftlii:|>elvUarthe foraan guat. 

iiiiddit; line in front, and ho the nuHpeiiRory ligantent arifivs in its wliole 
leiigtli fruiii the foHcia covering the niiiHcIc In the kangai-oo, further, a well- 
delined retractor iionin niUHcle (fig. !)) exti.inds between the i-ectuni anil levator 
ani, enclosed in the fascia covering the pelvic surface of the latter muscle. 
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It has Ijeen stilted that the white line is not generally present in 
mammals (Thompson (8)). I find it not clearly defined in the kangai'X; 
(though the fascia is obviously thickened at the pohit of origin of the 
genito-urinary suspensory ligament). It is absent in the horse and porcu- 
pine, present in the duiker bok and Persian goat, and well dcKned in the 
chimpanzee (in which, in one instance, additional bands passing forwards to 
the pubis and upwards to the great sacro-sciatic notch could l)e readily made 
out). It appeared in all cases in which it wtxs present to be a strengthening 
band of the fascia for the attachment of the suspensory ligament. 

The observations made on the animals named, without going into prolix 
and unnecessary detail, fully confirm the statements made with regard to 
the mechanical supports of the pelvic viscera in the human subject. 

One's excuse for drawing attention to these points is (1) to correct a 
serious misconception which pervades the descriptions of the pelvic fascia 
in anatomical writings; and (2) to give a rational explanation of the 
relations of the pelvic viscera to the pelvic floor. The surgeon is now 
dealing with this region in a way that is not compatible with the descrip- 
tions in anatomical text-books. It is an example of practice outgrowing 
dogma. This investigation has been an attempt to revise our creeil, and 
bring it into accord with things as they are. 
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VARYING POSITIONS OF THE CARPAL BONES IN THE 
DIFFERENT MOVEMENTS AT THE WRIST. By Henry M. 
Johnston, M.B., Chief Demonstrator of Anatomy, THnity College, 
Dvhlin. 

Part I. 

Extension, Ulnar, and Radial Flexion. 

The complicated structure of the carpus, and the variety of the movements 
whicli take place among its constituent bones, have received the attention 
of a considerable number of anatomists. Henke, Meyer, Bryce, H. Virchow, 
and Fick, among others, have within recent years published papers upon 
the subject. Some authors, such as Bryce * and Fick,* have studied the 
living hand by means of the lUSntgen rays. Admirable results may be 
obtained in this way for those positions of the joint in which the hand 
and forearm are in the same plane. Realising the difficulty of obtaining 
HjitisHictory |>ictures of dorsal and volar ilexion of the hatid, H. Virchow 
tidopted another method. The hand of a dead subject is fixed in any 
desired position, and then frozen. While still in the frozen condition the 
soft tissues are dissected off down to the bones ; a plaster cast is now 
taken of the Ix^nes as they lie in position, and this cost serves as a mould 
into which tlioy «in Ik; fitted after nmeoration. In this way Virt'how 
obtiiined a series of excotHlingly useful and interesting preparations. 
There iiw considerable difficulties in using this method in our climate: 
I have therefore adopted a modification which I have found to give very 
satisfactory results. 

The method adopted was as follows: — A fresh and suitable subject 
having been cluwen, the hand vvjvs placed in the desired position. In eac> 
ciuse the forearm wius supinated as far as possible. When the back of the 
hand and forearm were in one plane, viz., in extension, ulnar, and radial 
flexion, th^ part was pinned to a board upon which the dorsal surface 
rested. When it was desired to study doi-sal or volar ilexion, a splint of 
wood or a mould of plaster was made on which the part could be placed 
in the re<{uired angle of ilexion. The hand having been placed in position, 

* Journal of Anatomy and Pkynologyy 190(3. 
' Verhandlungen der Anai. Getellschaflj 1001, 
VOU XIL (THIRD 8KR. VOL. 11.)— JAN, 1907. 9 



110 Mr Henry M. Johnston 

formalin in full strength was injected through the brachial artery. 
After about a weeks time the hand, now quite hard and stiK*, was 
removed from the body by sawing tlirough the forearm. By careful 
dissection its palmar surface was denuded of soft tissue down to the bones. 
These latter were made as clean as possible, special care being taken not 
to injure the articular cartilages wliere exposed. For futui'e reference 
careful measurements were taken, and a stereoscopic photogiuph was 
prepared of the bones as they lay held firmly in place by the ligaments 
and soft tissues on the dorsal aspect of the hand and wrist. Plaster of 
Paris was now poured over the exposed bones, but the mould when set 
was not removed. The specimen having been turned over, the doi-sal 
surface was dissected in the same manner as the palmar had l>een ; the 
plaster mould retaining the bones in proper position. Finally, the bones 
having been measured and photographed from the dorsal as{)ect, plaster 
of Paris was applied, and a mould prepared. The bones were now enclosed 
between palmar and dorsal moulds. The dorsal cast was removed Krst ; it 
separated quite easily. From the palmar one the bones had to he picked oti* 
separately. By fitting the isolated and thoroughly cleaned carpal bones 
into their proper position in the moulds, it is possible to obtain exceedingly 
striking and faithful representations of their normal pasition either from 
the dorsal or from the palmar aspect. It was found necessary, however, 
to keep the bones moist, because if they are permitted to dry some shrink- 
ing takes place, and their coaptation is no longer quite so perfect. The 
drawings and the measurements given in this paper were made wliile the 
bones were kept moist. Plaster of Paris models of the bones in their 
moulds were also made, and these when painted are almost as useful as 
the Original preparations. 

DESCRIiniON OF Prepahations. 

In all, ten wrist-joints were taken from five subjects ; and the foUow- 
iiig is a list of the positions in which each wrist-joint wius fixed before 
examination : — 

Subject 1. Right wrist in extension. 

Left wrist in doi*sal flexion. 

„ 2. Right wrist in slight ulnar flexion. 

Left wrist in volar Hexion/ 

3. Right wrist in ulnar flexion. 
Left wrist in radial flexion. 

4. Right wrist in semi-dorsal and ulnar flexion. 
Left wrist in semi-dorsal and radial flexion. 



i» 



** 



Viiryiiig l'n«itioii« ot tliu (Jmpttl Boiiuh HI 

Subject 6. Kight wrist in seioi-volar and ulnar flexion. 
Lett wriflt in aemi-volar and radial flexion. 

Right Wrwt in Hxteitnunt. 
'Hie wrist and hand are in wliat may he callisd tliu " ntraiglit poaition," 
and the long axifl of tlie tliii-d metacarpal Ixme nearly corresponds Ui 



that of the foreami, Fick selects this as a ntiMidard position with which 
othei-B may conveniently be compared. 

.SVph /(wii //»/• P'ronf (fig. 1).— A «tight amount of dorsal llexion is 
KUggestcd owing to the fact that the majority of the cariml bones project 
forwHi-dK. The most ant^'rinr point is the upper end of tlie ridge of the 
trajieKiuni, which lies 2 nun. in front of the tubercle of the scaphoid. 
The latter and the pisifonn are equally pixiininent, and the apex ot tlio 
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hook of the unciform is slightly more posterior. The lunar is on a some- 
what anterior plane to the os magnum. 

With regard to the carpal bones, we notice that the various articular 
surfaces are not so tightly or so accurately applied to one another as one 
might at first expect. In some cases articular surfaces are exposed, or 
the bones are separated from one another by intervening spaces. The 
individual bones of the second row are so tightly bound together by their 
strong ligaments that they may almost be looked upon as one piece, and 
their articular facets are so accurately applied that no articular surface is 
exposed. Similarly, the articular surfaces of the bones of the first row are 
accurately applied to one another; but a considerable amount of gliding 
movement is possible between the scaphoid and lunar, owing to the laxity 
of the ligaments uniting them together. 

The tulxsrclo of the scaphoid lies 1 cm. below and '5 cm. int<irnal to the 
radial styloid, and points directly forwards. The lower end of the ulna is 
widely separated from the carpus, the intervening interval l)eing filled up 
in life by the triangular tibro-cartilage and by the ligamentous fibres 
(internal lateral ligament) stretching from the styloid process to the 
pyramidal bone. These fibres are lined on their deep aspect by synovial 
membrane, and are applied to the supero-internal surface of the pyramidal 
bone. The radial edge of the articular surface of the radius and of the 
scaphoid bone are seen to correspond accurately. 

The anterior margin of the lower end of the radius usually shows a 

slight but marked depression, which indicates anteriorly the {K)sition of the 

ridge separating the inferior radial articular surf ace into its two facets. In 

'-^ « the extended position of the wrist, the ulnar extremity of the scaphoid 

./lost reaches this ridge. The ridge itself and the lunar facet of the radius, 

/er an area measuring 3 mm., are related to the superior scapho-lunar 

i'gament. The superior surface of the lunar bone is tightly applied to the 

radius for two-thirds of its extent, and to the triangular fibro-cartilage for 

the remaining third. Where the lunar articulates with the radius, a narrow 

strip of articular cartilage is exposed on the palmar aspect in the extended 

position of the wrist. The long axis of the lunar, if produced, would pass 

through the tubercle of the scaphoid. The ulnar extremity of the superior 

surface of the scaphoid is situated rather posteriorly ; the long axis of the 

bone is therefore directed from above downwards, forwards, and slightly to 

the radial side. At the upper end of the sciiphoid a strip of articular 

cartilage, measuring 5 mm. on an average in vertical extent, is exposed. 

This diminishes towards the ulnar side. A slight interval separates the 

articular surfaces of the scaphoid and radius in the region of the styloid 

process of the latter. 
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The long axiR of the pyrainidal is directed downwards and to the ulnar 
side. In this pasition of the wrist, the pisifomi bone is separated 1 mm. 
from the pyramidal. 

Of particular interest is the disposition of the bones at the midcarpal 
joint. Beginning at the radial end of the articulation we find that the 
articular fac^^ts of the trapezium, trapezoid, and scaphoid arc so accurately 
applied in front, that no intervening spaces and no articular cartilage is 
exposed. The scaphoid and os mngnum are also in close and accurate 
apposition, and the plane of the joint formed between tliem is vertical. 
The scaphoid articulates with that part of the os magnum which lies on the 
radial side of the radial ridge on the head. Passing now to the articulation 
between the lunar and the os magnum, we find them closely applied ; but the 
lunar fails to cover tiie entire articular surface of the os magnum, and hence 
a strip of the articular cartilage of the head is exposed. This measures 
45 mm. vertically. The lunar articulates with that part of the head of 
the OS magnum which intervenes between the radial and ulnar ridges. The 
upper {Kiinted end of the unciform does not reach the lunar (Bryce), but a 
somewhat quadrilateral interval is left between the two bones. This 
interval mwisures 3'6 mui. across, and is bounded at the sides by the 
OS magnum and the pyramidal lK)ne. Reaching finally the interval between 
the pyramidal and unciform l)ones, we find that there is but little coapta- 
tion iH^tweon the articulating surfaces. Only for 10 mm. to the ulnar side 
of th(^ (piadrilateral space mentioned above are the two bones accurately 
applied as seen from tlie front. Near the ulnar margin of the hand there is 
a wide interval between the pyramidal and unciform ; this is bounded below 
by the concave articular surface of the unciform, but its U|)per limit is now 
articular and is formed by the pyramidal. The long axis of the os magnum 
will l)e noted to be vertical in the extended position of the wi*ist. 

In the extended wrist seen from hehind (fig. 2), the articular facets 
of each row of Ixjiies are seen to be accurately applied to one another ; but 
at the radio-carpal and at the mid-carpal joints a greater want of coapta- 
tion may be noted among the articulating bones. A notable feature is a 
groove or furrow which runs across the back of the carpus at the junction 
of the two rows. This furrow is deepest at the radial side, where it can 
easily be felt in the living subject; although, since it is bridged over by 
different tendons, and filled up by the ligaments of the wrist, its depth is 
not fully appreciated. Here the articular facets of the scaphoid, trapezium, 
and trapezoid are opposed to one another but do not meet. If it were not 
that this transverse gi'oove is interrupted in the region of the os magnum, 
the carpus would appear when viewed from behind as if divided into an 
upper and a lower part. Beycmd the os magnum the groove is continued 
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to tlie inner border of the carpus by a deep serpentine gap, which intervenes 
between the pyramidal and unciform bones, and which at the margin of the 
carpus is continued right through to the anterior surftice. The heiul of the 
08 magnum is closely applied to the scaphoid and lunar above, but at its 
i*adial side it is separated by an interval of 5 mm. from the scaphoid. A 
narrow strip of articular cartilage is left exposed on the head of the 
OS magnum towards its radial side. The quadrilateral space l)etween the 
lunar, unciform, os magnum, and pyramidal bones, seen from in front, is 
still better marked posteriorly ; its increased size is mainly due to the 
sloping surface of the posterior of the unciform involved. This permits of 
the movement of dorsiflexion. 

At the radio-carpal joint the wide interval between the ulna and 
pyramidal bones, described in the anterior view, is here also well seen. 
A consideiuible portion of the articular cartilage covering the hniar and 
scaphoid bones on their upper aspect is visible below the radius. 

The articular facets exposed on removal of the first row of bcmcs may 
be considered as forming one complex surface. This may be divided into 
three parts: — (1) An ulnar part formed by unciform and os magniun, and 
ending at the radial line on the head of the latter (which is its highest 
point in this position of the wrist). This surface is convex above, and, 
winding down the unciform, it becomes concave and ends anteriorly at the 
base of the hook. This ai'ea may meet three bones — viz., the scaphoid, lunar, 
and pyramidal ; in extension of the wrist, however, only tlie latter two 
bones articulate with it. (2) An tirea on the outer aspect of the head of the 
OS magnum convex, and almost in more or less complete contact with the 
scaphoid. (3) An area composed of the superior surfaces of the trapezium 
and trapezoid, directed upwards, slightly concave and more or less in contact 
with the scaphoid. The first portion acts as a screw and inclined ])hine, 
and the second and thiixl portions as levers, as will be noticed later on. 

Right Wrist in Slight Ulnar Flexion, 

In the position of ''the hand at rest,'' about lO"" of ulnar flexion is 
present. The positions of the various bones differ only slightly from what 
may be found in the straight position. Such differences as are found 
become more marked in complete ulnar flexion. 

Seen from the Front (fig. 3). — The tubercle of the scaphoid is not quite 
BO prominent ; a slight amount of dorsiflexion of the bone has t4iken place. 
For the same reason the ulnar extremity of the anterior surface is on a 
more anterior plane. The lunar bone is also dorsiflexed, and covers more 
of the articular surface of the head of the as magnum, leaving onl}^ I 5 mm. 
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exposed (compiue figs. 1 and 3), Tlie pyramidal bone is also dorsiflexed, 
its long axis is less oblitjne, and it occupies slightly more anterior plane. 
The np[>ei- eiid of the nnciform touches the lunar, and the quadrilateral 
space is reduced to a finani-e. There in leas of the articular surface of the 
unciform out of geivr. 



)SVf H from HrlnDfl (tig. 4). — Tiie dorsitlexion of the first n)w of bones is 
flmrlv seen, and iioih' of (he articular cartilage of the lunar is visible. The 
corresponding change in the scaphoid is not quite so marked. The separa- 
tion iif thi< Rctiphoid from the trapezoid and trapezium is more marked 
than in t)u' Ntnvight |>osition. The hinnr still articnIatoR with the part of 
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the head of the os magnum situated between the two ridges. The head of 
the OH magnum shows relatively a large amount of articular cartilage 
(compare figs. 2 and 4); this change is to be associated with dorsiflexion 
of the scaphoid bone. The unciform and lunar fail to meet posteriorly, 
but approach one another. The uncifonn and pyramidal show the serpen- 
tine gap described earliek* ; but it is of less length, as the hones come together 
at the ulnar side. 



Right Wrist in Ulnar Flexion, 

It will be at once apparent, on contrasting fig& 5 and 6 with 1 and 2, 
that but slight lateral movement has taken place at the radio-carpal joint. 
Lateral movement in ulnar flexion mainly takes place at the mid-carpal 
joint, but a coutparison of the figures brings out the fact that ulnar flexion 
is associated with doi*siilexion of the first row of carpal bones. 

Seen from the Front (fig. 6). — The tubercle of the scaphoid is far less 
prominent, and it lies much more externally. The entire bone has rotated 
round an axis which extends from the attachment of the external lateral 
ligament through the centre of the head of the os magnum. 

Twice as much of the upper articular cartilage of the scaphoid may be 
seen from the front, and the ulnar extremity of its anterior surface has conn; 
well forward. Externally, only 3 nnii. of its articular c^irtilugo is out of 
contact with the radius ; this articulates with the external lateral ligament 
of the wrist. The radial edge of the lunar has travelled as far as the ridge 
on the inferior surface of the radius, and the superior scapho-lunar ligament 
has crossed over on to the facet for the scaphoid. The lunar is never found 
to cross over to the radial side of the ridge. The amount of movement 
fi*om side to side of the first row of bones appears accurately to correspond 
to the length of this ligament — namely, 3 mm. Owing t3 the dorsifiexion of 
the bones of the first row, a large amount of the superior articular surfaces 
of the lunar and scaphoid show in front (compare figs. 1 and 5). The 
pyramidal bone, as far as^ its superior cartilage-covered surface is concerned, 
is adapted to the triangular fibro-cartilage, its anterior surfiice looks directly 
forwards, and its longitudinal axis lies almost in a transverse plane. 

At the mid-carpal joint we note that there is more complete adaptation 
of the bones on the ulnar, and less complete on the radial, side. The unci- 
form and pyramidal bones are in apposition ; but their articular facets do 
not quite correspond, as the former lies in a more posterior plane than the 
latter so that a narrow strip of cartilage 1 mm. in breadth is exposed (not 
seen in figure). The unciform has moved as far backwards and upwards 
as possible, and is screwed home. (The pisiform is not shown in the figure.) 
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'riie upper end of the unciform articulates witli the lunar, and has rolled 
on ttie narrow concave facet of the latter. All the cartilage of the head of 
the oa iiiagnuiii is covei-ed anteriorly ; the concave facet of the scaphoid 
has crossed the radial ridge on the head of the oe magnum for a distance 
of 4 mm., and articulatcH with part of the surface formerly in contact with 



the lunar. Distally, however, a portion of the radial side of the head of the 
OS mngnuni is free, owing to the doroiHexion of the scaphoid (see fig. 6). 

The anterior half of the superior articular surfaces of the trapezium and 
t>-ai>ezoid are out of play, owing to the backward movement of the lower 
end of the scaphoid. The change in the position of the axis of the os 
magnum is strikingly shown by a comparison of figs. 1 and 5. A 
movement of the unciform on the a<i magnum was fotmd to take place in 
ulnar flexion, which is not easily shown in a drawing. The upper end of 
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the unciform projects forwaixls 1 mm. and exhibits a corresponding amount 
of articular cartilage in front of the os magnum ; this is evidently caused 
by the lower end of the unciform being pushed well backwards, and appears 
to be the only marked example of movement between the bones of the 
second row. 

Seen from Behind (fig. 6). — A most marked change has taken place at 
the mid-carpal joint, and the large amount of articular cartilage displayed 
is most striking. Almost all the inferior surface of the scaplioid is free, 
but at the extreme distal end it articulates with the trapezium and trapezoid. 
The head of the os magnum has moved well out of the concave facet of 
the scaphoid, and the relationship (mentioned above) of the scaphoid to the 
radial ridge on the head is exhibited. A large area of the head of the os 
magnum is uncovered by the lunar; the upper end of the unciform 
touches the lunar. The pyramidal and unciform at the ulnar side of the 
wrist are lightly applied; the gap seen in the straight {Kisitiun is here 
closed, but it remains open radially to allow of dursi flexion, liather less 
of the articular surface of the scaphoid is seen below the nulius than in the 
dorsum of last specimen. The lunar is. inconspicuous and tends to he 
hidden under the radius, and none of its articular cartilage shows. A strip 
of articular cartilage on the ulnar side of the os magnum, 1 nun. broad, is 
exposed posteriorly to the unciform ; this corresponds with what has been 
described on the anterior aspect in the pi*eceding paragraph. 



Summary of Important Changes in Ulnar Flkxton. 

1. Only slight lateral movement occurs at the radio-carpal joint, and 

the lunar does not encroach on the scaphoid area of the radius. 

2. Dorsal flexion of the firat, and volar flexion of the s«)Cond row of 

1)ones (Fick). 

3. Screw movement of the unciform on the pyramidal. 

4. The unciform meets the lunar for the first time in slight ulnar 

flexion. 

5. ExjKisure anteriorly of articular surfaces of the as magnum. 

trapezoid, and trapezimn, due to doi'siflexion of the scaphoid. 
(K Kotatory movement l)etween the os nuignum and unciform. 

7. Dorsally, a large amount of the inferior articular faccit^ of the 

scaphoid is out of play. 

8. No articular surface of the lunar is exjwstjd p<isteriorly. 

9. Partial closure of the gap between the unciform and pyramidal 

posteriorly. 
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Explauation of some of the cliauges : — 

1. The tension of the lateral ligaments limits the lateral movement. 

2. Dorsillexiou of the scaphoid is the resultant of two forces acting from 
different points — viz., tension of the external lateral ligament from above, 
and the pull of the ligaments joining the trapezium to the tubercle of the 
sctiphoid which arc strained in ulnar flexion. The superior part coming 
forwaixl brings the lunar with it. The pressure of that part of the head of 
the OS magnum, which articulates with the scaphoid, assists by rendering 
the ligaments more tense. The change in the axis of the scaphoid is 
necessary because the outer border of the carpus requires to be lengthened 
in ulnar ilexion. 

3. Inspection of the opposing articular surfaces of the unciform and 
pyramidal will explain this movement. 1'he articular facet on the unciform 
shows a gr(X)ve starting from below, winding in a spiral fashion and 
terminating j)osteriorly ; it seems as if the bone had been caught at the 
apex and twisted. The pyramidal opposes to this a surface divided into two 
parts — an outi»r and ant<3rior part concave and triangular, and a i^sterior 
convex from before backwards and slightly concave from side to side. If 
the lx>ues arc articulated together and moved on one another, caj, fronj 
ulnar to radial side, the long axis of the pyramidal not only becomes most 
obli(|ue, but the upper part of the anterior surface comes more forward — 
dorsiHexion — and the whole pyramidal bone is carried forward. The 
unciform Ijehaves like a screw, an inclined plane, and a lever, and the effect 
(xscurs when the anterior edges only of the opposing l)ones are in contact. 
The movement of dorsiHexion is communicated to the lunar, and the first 
row pressing on the second causes volar ilexion of the latter so that 
" the liand vPimtivH in ane pUive " (Fick). 

4. When the apex of the unciform touches the lunar, further ulnar ilexion 
is allowed by the pyramidal l^eing pushed upwards and forwards, the ulnar 
boixler being thus shortened. 

Left Wrist in liadvil Flexion, 

Seen ftmn the Front. — The tubercle of the scaphoid has come markedly 
forward, and is the most anterior projecting point of the carpus; it has 
also moved upward and to the ulnar side, and lies to the ulnar side of the 
ridge on the trapezium.^ The upper part of the scaphoid is distinctly on a 
]X)sterior plane. 

1 It would appear that the tendon of the flexor carpi radiali0,a8 it paf«e8 along the ulnar side 
of the tubercle aa round a pivot, would ])U8h the tubercle outwards and so cause ulnar flexion. 
It cannot, therefore, be regarded as a radial flexor. 
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Inapoction of the mid -caq)al joint sliows tliat striking clianges have taken 
place, and tlieso ai-e rendered more apparent by comparing figs. 1 and 7. 
Tlie anterior portion of the inferior aiiicular facets of the scuplioid are no 
longer in contact witli the trapezimn and trapezoid, and a atrip of articular 
cartilage on tiie scaphoid, 4 mm. broad, is exposed. The scaphoid Iiuk separ- 
ated from the os magnum at its lower part, and is now in front of the latter. 



The concave facet of the scaphoid is in contact with the head of the 
OS magnum only as far oh a point ii tnm. from the radial ridge on the head. 
The imiar covers the area on the head of the os magnum which in the 
straight position of the wiiat-joint is in contact with the scaphoid, and 
hence cannot teach the iipper end of the unciform. The iiyi-aiiiidal is seen 
to articulate with the os magnum over an area 5 mm. in extent; itd inferior 
articular facet, which in extension and ulnar flexion of the wrist-joint is in 
contact with the unciform only, has crossed the ulnar of the two ridges on 
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the head of the os magnum, and asMists in forming the concave socket for 
the head ; further, the rounded upper end of the unciform which in ulnar 
flexion reaches the lunar, is in radial flexion articulated with the under 
aspect of the pyramidal bone. But the unciform, notwithstanding this, 
articulates to a slight extent only with the pyramidal, because the lower 
two-thirds of the supero-internal surface is free, and appears at the inner 
margin of the wrist The unciform tvs a whole lies on a somewhat anterior 
plane to the pyramidal ; as is to be expected, the axis of the os magnum is 
strikingly altered. 

In contrast to what occurs at the mid-carpal joint, at the radio-carpal 
joint but little articular cartilage is exposed. The upper articular surface 
of tlie scaphoid has travelled as far as the antero-posterior ridge on the 
under aspect of the radius, and but little of the articular cartilage can be 
seen from the front. The upper surface of the lunar is in contact for the most 
part with the triangular fibro-wirtilage. and practically none of its articular 
surface is exposed in front. Almost all of the superior articular facet of 
the pyramidal is in contact with the internal lateral ligament. 

See77. fnmi Behind (fig. 8). — Here, as in the view from the fi*ont, the 
articulation of the pyramidal with the head of the os magnum and that of 
the upper edge of the unciform with the pyramidal is plainly shown. The 
unciform and pyramidal are now closely applied, only sufficient gap is left 
to permit of dorsiflexion. 

Considerably less of the articular surface of the head of the os magnum 
is exix)sed than in the position of ulnar flexion (compare figs. 6 and 8), 
and no articular cartilage is expased between the scaphoid above and the 
trapezium and trapezoicl below. The scaphoid «us a whole has become tilted 
in such a manner that Mh lower end has p;is8(M] forvvanls and its upiH»r end 
backward. The outer end of the dorsal groove, mentioned on page 1J3 as 
separating the distal from the proximal row of the carpus, is in radial 
flexion entirely bounded by non-articular surfaces. 

At the radio-carpal joint a large amount of the articular surface of the 
scaphoid and lunar bones is exposed, owing to the volar flexion of the first 
row. 

Summary of Imtortant Changes in Radial Flexion. 

1. Slight lateral movement at nidio-carpal joint. 

2. Volar flexion of the bones of the first row and dorsal flexion of 

those of the second (Fick). 

3. The large amount of the articular surface of the unciform on its 

supero-internal aspect out of gear. 
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4. Closure of gap between scaphoid and bones of distal row posteriorly, 

and exposure of the inferior articular surface of the scaphoid 
anteriorly. 

5. No articulation between the lunar and the unciform. 

6. Articulation of the upper end of the unciform and part of the head 

of the OS magnum with the pyramidal. 

7. Ahiiost complete obliteration of the gap between the unciform and 

pyramidal posteriorly. 

8. Owing to volar flexion of the first row of bones, a considerable 

amount of the articular cartilage of the scaphoid and lunar 
bones is exposed posteriorly l>elow the radius. 
$). Altered relationships of the scaphoid and hmar to the head of the 
OS magnum. 
Explanation of some of the changes : — 

2. Tins change is caused by tlie lever action of the trapezium and 
trapezoid throwing the lower end of the scaphoid forwards, and also by the 
unscrewing of the unciform from the pyramidal. It is impossible for the 
radial border of the wrist to be shortened by the .scaphoid moving uhiar- 
wards on the radius, and the only way {K)8Hible is to cause the scaphoid to 
volar-flex so that the articular surface which could not l)e accouniuKlated 
under the radius may be exposed posteriorly. The sc^cond row has dorsi- 
tlexed for the stiine reason that it is volar-Hexed in ulnar flexion. 
8. The effect of this is to lengthen the ulnar border cf the wrist. 
In the second part of this communication I propose to give an account 
of the remaining prepai*ation enumerated at the beginning of this paper. 



NOTES ON PREDYNASTIC EGYPTIAN TIBI^. By Douglas R 
Dkrry, M.B., Ch.B. Ediii., Afwiskint Pt^ofessat^ of Anatomy, 
Kgyptmu Oovernment School of Metiiciiie, Cairo. 

The following notes liave been made as the result of the examination of a 
series of between four and five hundred predynastic Egyptian tibial. A 
large amount of work has already been done by various observers on the 
tibia, and particularly in relation to those peculiarities which are seen to 
greatest advantage in the bones of Eastern and other peoples and in pre- 
historic bones. It is not, therefore, an easy matter to add much that is new 
to the knowledge already gained, but it is hoped that one or two points 
emphasised in the pre>sent paper may aid in simplifying the solution of some 
of the problems which still remain open. 

The jKHMiliarities referred to alK)V(»., and which occm* with considerable 
fre<juency in the bones under consideration, are platycnemia or flattening of 
the tibial shaft, retroversion of the head of the bone with or without back- 
ward curvature of the shaft, convexity of the external condylar facet, and 
the presence of additional facets at the lower extremity for articulation 
with the neck of the astragalus. The condition fii*st mentioned, that of 
platycnemia, is the one particularly alluded to in these notes. 

In order that the significance of the remarks to be made may be thor- 
oughly understood, it will be necessary, in the first place, to recall what has 
already been done in this direction by other observers, and in particular by 
Manouvrier. This author considered the platycnemic condition to be due to 
over-action of the tibialis posticus muscle, with a consequent development 
of its area of attachment to the tibia, the usual action of the muscle being 
reversed, so that it takes its origin from below and acts on the tibia. This 
theory, applied as it was by Manouvrier to the inhabitants of mountainous 
districts, has been shown by Charles to be inapplicable to natives of the 
Punjab ; and Duckworth also points this out in connection with the pre- 
historic tibire from Egypt in the Cambridge Museum. Professor Arthur 
Thomson, however, agreed with Manouvrier as to the influence of the tibialis 
posticus in producing platycnemia, as also did Charles, though the latter 
believed that it was the action of the muscle in its connection with the 
squatting attitude which was productive of the flattening. Poirier, in his 
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" IViiitiJ d*Anatoinie Humaine," OdeoUxfie, tome i. p. 244, follows Manoiivrier 
absolutely. 

On the other hand, Manouvrier himself has shown that both platycnemic 
and non-platycnemic bones may occur in any population ; and recently 
Mr Macrae Aitken, in " A Note on the Variations of the Tibia and Astragalus/' 
published in the Journal of Anatomy and Physiology, vol. xxxix., p. 489, 
has demonstrated the occurrence of all the peculiarities generally attributed 
to Eastern or prehistoric bones in normal European tibiie. He finds that 
the bones may be divided into two different types, (1) Oriental, and (2) 
European, the former being ** shorter and much slighter in build than the 
European ; and also that the impressions for the attachment of muscles and 
the groove for the tendon of the tibialis posticus were less distinct in bones 
of the former type." In the same paper he says: — "The usual statement 
thatplatycntimia is associated with over-development of the tibialis ix)Hticus 
muscle, was not borne out by the appearance of the bones examined ; those 
with the lowest platycnemic index were slender and smooth, and showed 
least evidence of attachments of powerful muscles, while the large, strongly 
marked bones of the European type had the highest index." 

It is evident from this that some more satisfactory explanation of the 
associated conditions is re()uired, and accordingly Mr Macnu5 Aitken 
l>elieves that platycnemia is due to "altered lines of transmission of the 
lx)dy weight," brought a1x)ut by retroversion of the head of the tibia, so 
throwing an antero-posterior strain on the bone, which nature meets by 
increased growth in that diameter. The requisite retrovei*sion of the head 
which this theory demands is produced, presumably, in the European by the 
persistence of a uterine condition, and in true Oriental bones by the adoption 
of the squatting attitude. 

Before discussing the different points for and against the theories men- 
tioned, attention must be drawn to certain well-marked characteristics of 
the bones as a whole, which appear to have some bearing on the platy- 
cnemic condition. Chief of these is the posterior vertical line which 
descends from the oblique line, and in bones of the European type separates 
the surfaces of origin of the tibialis posticus and flexor longus digitorum 
muscles. This line varies considerably in length and prominence in different 
tibice, and in most cases gradually approaches the interosseous line ; in othera 
it is continued straight down, and in these latter there would, therefore, be 
a greater area of bone at the disposal of the tibialis posticus muscle than 
would be the case if the vertical line joined the interosseous ridge high up* 
In a number of the bones under discussion, however, this line appears to 
' become remarkably prominent, so much so that it has been described (by 
Duckworth) as a " keel or flange," which projects backwards, changing the 
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posterior surface of the tibia, in some instances, into a rounded border. This 
condition is usually associated with pronounced platycnemia, and it may here 
bo mentioned that bones sliowing this cliaracter to the greatest advantage 
were frequently much curved in a backward direction. Another characteristic 
of a large number of these bones is the change in position of the interosseous 
ridge. This is not merely an apparent change duo to an increase of the 
area of bone behind the ridge, as compared with that in front, though this 
is what might be expected from an hypertrophied tibialis posticus muscle- 
It is an actual alteration hi position of the line, so that if it were continued 
upwards, it would in many coses pass altogether in front of the tuberosity 
instead of terminating just in front of the fibular articular facet. The 
area of origin of tibialis posticus is thus incretised, while that of tibialis 
anticus is pi*oport]oiiately diminished. In a normal European bone as 
much as (jO j>er cent, of the whole outer surface of bone, measured between 
anterior and pasterior lx>rdcrs, may be in front of the interosseous line; 
while in many cases amongst the Egyptian bones fully 60 per cent., and in 
some as much as 6t3 per cent., is behind the ridge. While this arrangement 
seems to Ije to some extent related to the platycnemic condition, it is by no 
means exclusively contined to this type of tibia, some of the best-marked 
cases of this inteix>sseous displacement being seen in bones with higher 
indices. In the Jou7*iuil of A'iwUmiy anrl Phym)l(Hjy, April IJ)06, Mr J. 
Erno^t Frazer, in a paper entitled "Some Minor Markings on Bones," 
draws attention to this very point, and it would be interesting to know 
whether he finds any constant relationship between the position of the line 
and flattening of the tibia. Lastly, the head of the bone appears large in 
proportion to the siz/C of the shaft, and the area for insertion of popliteus 
muscle appears to be considerably smaller than in European bones. 

There are certain objections to the theory propounded by Manouvrier as 
to the cause of platycnemia. Everything is made to depend on hypertrophy 
of tibialis posticus muscle, brought about by over-action in a particular 
form of exercise and in mountainous countries. As already mentioned, 
however, this has been shown to be of no account in thase races living in 
flat countries. Some other cause for such over-action of the muscle must 
therefore be found, and this Charles sees in the constant squatting of those 
people who show the condition to greatest advantage. 

Without doubt the area of bone concerned with the attachment of the 
tibialis posticus muscle is often affected, and if every platycnemic bone 
presented the same modifications in this area, no difficulty would be ex- 
perienced in accepting the theory. But tliis is by no means the case. 
While many bones show an undoubted increase in the space allotted to the 
muscle named, there are others with very distinct bony landmarks showing 
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nothing abnormal in their position or relative size, but associated with 
marked platycnemia. Again, bones with the same changes in area of 
origin of tibialis posticus muscle are frequently not at all flattened. It 
would seem, therefore, that no constant relation exists between the two 
conditions. Further, it is found on measurement that if a series of 
platycnemic bones is compared with a set of European tibise, it is not in 
the sagittal diameter, but in the transvei*se, that the chief differences are 
observed. In other words, the supposed hypertrophy of tibialis posticus 
muscle has not so much increased the antero-|)osfcerior diameter, but rather 
has produced marked reduction in the transverse. This is quite at variance 
with the action hitherto ascribed to this muscle of causing expansion of 
the bone antero-posteriorly. In this connection Duckworth says: **The 
area of tibial attachment of the M. tibialis posticus is drawn backwards in 
the form of a keel or flange, which thus increases the sagittal diameter of 
the tibial shaft, the transverse diameter experiencing comparatively little 
change " (Morpliology and Anthropology, chap, xiii., p. 322). 

The measurements of European bones have been taken from Professor 
Arthur Thomson's paper in the Jowi^ial of Anatomy and Physiology , vol. 
xxiii. p. 616, on " The Influence of Posture on the Form of the Articular Sur- 
faces of the Tibia and Astragalus." The actual average measurements are for 
twenty European tibisB, sagittal diameter 33'6, transverse 247. For twenty- 
seven Egyptian bones chosen as typical examples of platycnemia with a well- 
developed ridge, the same measurements arc for the antero-|X)steL'ior diameter 
34*9, and for the transverse 209. The measurements here given are on platy- 
cnemic bones, which should therefore give, according to Manouvrier's theory, 
a much larger sagittal measurement than European tibiflR. Finally, in some 
of the best-marked cases of flattening, the part of the bone aficcted extends 
beyond the sphere of action of the tibialis posticus muscle, which has gener- 
ally been supposed to exercise its flattening action at or about the level of 
the nutrient foramen. In the cases referred to the most attenuated part 
of the bone is often the middle or junction of middle and lower thirds of 
the shaft. 

As regards the theory of Mr Macrae Aitken that platycnemia is due to 
increased growth antero-posteriorly to meet a strain in that dn^ction from 
a retrovertod head, it may be stated that, while it is true that some of the 
most platycnemic l)ones are also very bent, yet this again is not constant. 
Many of the bones which, from their general size and conformation, might 
be classed as European, are markedly bent, while on the other hand extremes 
of flattening are found with perfectly straight tibiad. Further, as has 
already been shown, the flattening is not so much due to increase in the 
antero-posterior diameter as to reduction in the transverse. 
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No one examining a similar large series of bones as regaixls the 
particular condition of platycnemia could help being struck with the fact 
that the tibise reveal at least two different forms of flattening. In the one 
case the greatest antero-posterior diameter is, from crest of tibia to the 
rounded posterior border, generally constituted by an overgrowth of the 
vertical line above referred to. In these bones the posterior surface has 
practictiliy disappeared, and what remains of it slopes gradually away on 
either side of the vertical line, marking the insertions of the two muscles 
flexor longus digitorum and tibalis posticus. But there is a second type less 
frequent, but still quite distinct, in which the posterior vertical line has 
remained STnall, and now the greatest sagittal diameter is between anterior 
border and what in a normal bone would be the internal border. Such 
bones provide some of the l)est-markod cases of flattening, and they have 
the further interest that they supply additional evidence against the theory 
of platycnemia being due to over-action of tibialis posticus. Mr Eniest 
Warren, in his paper entitled "An Investigation on the Variability of the 
Human Skeleton," which refers especially to bones of the same race as those 
at present under discussion, says : — " In the platycnemia of the gorilla both 
the tibialis posticus and Hexor longus digitorum are inserted on the outer 
side of the expansion, while in the platycnemia of man the latter muscle 
comes to l)e inserted on the inner surface, being pushed round, so to speak, 
by the great exUmsion of the area of attachment of the tibialis posticus." 
In the tyjH) of tibia last referred to, nuich the same condition is found as that 
said to be present in the gorilla. For if the internal border, or a boixler 
corresponding very closely to it. is the most projecting point posteriorly, 
it follows that l)oth tibialis [K)sticus and fh;xor longus digitoium must Ih» 
inserted on the outer surface of the bone ; and there can be in consequence 
no question of an hypertrophied tibialis posticus pushing the flexor longus 
digitorum round to the inner side ; nor can the projection be due at any rate 
to tibialis posticus alone, as mufht possibly Ije the case in the form of tibia 
first mentioned, whose platycnemia appeai-s to be largely constituted by a 
projecting vertical line. 

More than one author writing on this subject refers to the antero- 
posterior diameter as being increased hfhind the interosseous ridge, follow- 
ing the original statement of Manouvrier ; but, as already shown, there is 
very little increase in the sagittal diameter, the marked flattening being 
brought alx)ut by reduction in the transverse measurement. It may justly 
be asked how such a statement as that of Manouvrier has been made. 
The writer believes that it is chiefly due to the fact before referred to, 
that in such a large number of the Ixjnes the interoaseous I'idge is altered 
in position, so that instead of running upwards to the under aspect of the 
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external tuberosity close to the fibular articular facet, it travels gradually 
forward, causing an ever-increasing area of bone behind its course, with a 
corresponding decrease in front. And this error is the more likely to be 
perpetuated seeing that a large number of non-platycnemic bones have 
the line in its normal position, while the majority of platycnemic tibi» 
show more or less alteration in their interosseous ridges. The appear- 
ance is therefore that of an increased area for tibialis posticus muscle, and 
the natural deduction is to regard the increase as due to the muscle. The 
point which the writer wishes to bring out is, that if the interosseous line 
held its normal position there would be little appearance of any inci'ease 
posteriorly. This does not mean, however, that there may not be such an 
increase; for, as has already been shown, there may be projections due 
either to the vertical line or to the internal border ; but in such cases the 
area for tibialis posticus is not markedly increased. 

The writer has before him two bones whose antero*posterior diameters 
are precisely the same ; the bones are also of the same length and general 
sisse, yet the one has an index of 58*6 and the other 65*5. It is obvious 
that the difference here must be in the transverse measurement; and this 
is the case, the first-mentioned bone giving 17 and the other 19 in 
the transverse diameter. Further, the int-erosscous line takes a different 
course in the two, giving in the more platycnemic bone the appearance of 
a considerable increase beliind its course, whereas it has been seen that 
both bones measure the same sagittally, and the difference is merely due 
to an alteration in the position of the line itself. 

A very careful comparison of two bones, platycnemic and non- 
platycnemic, brings out some significant facts. Looked at from in 
front, the former is obviously much flattened; and this in front of as 
well as behind the interosseous line, and in almost the whole extent of 
the shaft. The difference is first noticeable immediately below the tuber- 
osities, where the bone shelves away very quickly, so that in many of 
these tibiae the head appears to be abnormally large. This attenuation is 
visible on both sides of the anterior border, but it is most marked on the 
outer side, when the bone is viewed from before. If the bones are now 
turned round and examined posteriorly, the differences are very striking. 
The whole popliteal surface is markedly reduced, particularly in the trans- 
verse diameter, falling rapidly away on the inner side and causing the 
inner tuberosity to appear to project inwards abnormally. On the outer 
side of the popliteal line, still looking at the bone from the posterior aspect, 
there is again the same falling in of the bone, the area for tibialis posticus 
becoming practically a part of the outer surface of the tibia instead of 
being situated, as in bones of European t3rpe, partly on the posterior 
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surface. The appearance in an extreme case is as if the bone had been 
divided vertically, all that part to the outer side of the popliteal line being 
removed, and leaving in consequence a flat external surface. The point to 
be emphasised is the extraordinary flattening of this part of the bone at 
the expense of the |)oplitcal surface. Ccmtinuing the comparison, the 
flattening which is so marked immediately Im^Iow the head continues in the 
same degree downwards, reaching its grcaUist attenuation in some bones 
about the middle of the shaft, in others even lower, and reducing in conse- 
quence the posterior surface to little more than a rounded border. 

Turning now to the outer surface, the most striking contrast between 
the two types of tibiaB is the position of the interosseous line already 
referred to, and the flattening of the whole area. In some of the bones it 
will be noticed that the interosseous line appears to keep a more or less 
central position throughout its course along the shaft ; and in such cases it 
does not form, as in Euroixjan bones, the outer border of a posterior surface. 
This latter is in fact in such bones either non-existent or so sloped outwardly 
that it practically becomes a part of the outer surface. 

Since it is around the portion of tlie bone giving origin to tibialis 
posticus that the w^hole argument for platycnemia centres, some further 
attention must be directed to the varying conditions observed. If a series 
of non-platycnemic Ix^nes l>e examined — and for the purposes of the present 
|)apcr all l>onos giving an index of 70 or over may be so classed — it will 
be found that great differences exist in the size of the area for attachment 
of tibialis posticus muscle. In the most typical bones, or those which follow 
most closely the arrangement usually described in text-books, the area is 
small ; and this too in some cases of large, well-marked tibias ; in other bones 
it is large, and oftentimes nmch larger than the similar area on a highly 
platycnemic bone. Its extent is largely governed by the position of the 
interosseous lino, which, how^ever, is not so often displaced forwards as is the 
ciise in platycnemic bones. But there is another difference between the 
platycnemic and non-platycnemic bones, and that is the appearance already 
referred to of a marked falling-in of the outer surface in the neighbourhood 
of tibialis posticus attachment. There can l^e no doubt that it is the 
reduction in breadth, by whatever cause effected, in this region, that gives 
rise to the disproportion between sagittal and transverse measurements. 
There is undoubtedly a backward projection of the vertical line, but this is 
invariably associated with reduction in the transverse diameter. As a 
result the border formed by interosseous line between external and posterior 
surfaces is smoothed out, and that part of the posterior surface giving origin 
to tibialis posticus becomes a part of the external surface. It is not easy 
to understand how hypertrophy of a muscle could cause what practically 
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amounts to atrophy of the bone ; nor why tlie hypertrophied muscle of the 
platycnemic bone should require lesti space, as in many instances, than the 
same muscle of a normal bone. 

Such facts seem to make it clear that tlie theory of platcynemia commonly 
accepted requires modification. It is not without significance that over 
65 per cent, of the pairs of bones measured gave a smaller index for the 
left than for the right bone. Mr Ernest Warren has also shown that of the 
male tibia 61*4 per cent, have the left bone longer than the right, and of the 
female 62 per cent. This of course might be taken as additional evidence 
in favour of Manouvrier's theory of excessive muscular action, seeing that 
the left lower extremity preponderates over the right in certain particulars ; 
but enough has been said to show that some other influence than muscular 
action, at least alone, must be responsible for the extreme attenuation 
illustrated by many of the tibiaa. 



A DESCRIPTION OF THE PERITONEAL CAVITY, FOUNDED ON 
CLINICAL AND PATHOLOGICAL INVESTIGATIONS. By 
G. J. Jenkins, M.D., CM., F.R.C.S.. Senior Demonstrator of 
Avittoviy, avd Lecturer on Applied Anatomy. King's College) 
and S. Maynaud Smith, M.B., B.S., F.R.C.S., Sv/rgical Registrar, 
late Dnnonstrafoi' of Avafomyy St Mary^s Hospital, 

Recent observations on the pathological processes which take place in the 
peritoneal cavity have dii*ected our attention to the parts most frequently 
affected. These observations suggest a modification in the method of 
describing the cavity — or rather potential cavity — of the peritoneum. 
It will readily l)e admitted that the student can only arrive at a good 
understanding of the anatomy of the peritoneum by studying its morphology 
and its relation to the various viscera and the enclosing abdominal wall. 
But we think it desirable that more detailed attention should be given to 
the peritoneal cavity itself, having regard to the importance of this serous 
spjicc clinically.^ We thcrorore suggest the following description, based on 
clinical and pathological as well as anatomical grounds, as one likely to 
be of value to lx>th the student and the practitioner. 

The peritoneal cavity is described as consisting of two great parts — the 
greater and lesser sacs. The description of the lesser sac as it stands is 
sufficient for |)ractieal purposos. The 1(»hh(M* sivc, with its walls projecting 
downwards and forwards, divides the greater sac into two main divisions- 
This dividing partition is composed in large part of the omentum, and 
Mickulicz has suggested jis appropriate names for the two parts the 
supra-omental arid infra-omental divisions (fig. 1). It is not necessary for 
us to describe the relations of the divisions. They are sufficiently obvious. 
It will readily l)e recognised that these two divisions connnunicate at the 
free border of the great omentum (fig. 1). They also connnunicate 
laterally: r» /A r? ri^Ai /iff n?Z: to the outer side of the commencement of the 
transverse colon internal to the lower border of the liver ; and since the 
lower border of the right lobe of the liver projects into the infra-omental 

' One of 118, nearly two yeai-s ago, demonstrated some of the features of tlie peritoneal 
cavity that seemed important from a practical standpoint to the members of tlie Polyclinic 
and to a scientific society at a London hospital. 
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division, there is an additional communication outside that border between 
it and the abdominal wall : in ttie left flank they communicate to the outer 
side of tlie termination of the transverse colon in front of the phrenico- 
colic ligament (fig. 2). 

The supra-omental division coiisiBta of two lateral parts separated by 
the falciform and round ligaments. We name these the right and left 
supro^mental regions. The communication between these two regions is 
bounded in front by tlie liver, the round ligament, and the abdominal wall ; 



behind by the lesser omentum, the stomach, and the greater omentum 

(tig. 1). 

In connectiun with these two regions are certain recesses which possess 
great pi'uetical imi>oi'tance (Hgs. 1 and 2). From the right supra-oincnbtl 
region thei*!! is a recess passing upwards and luickwards between the liver 
and the diaphragm — the right subphrein'c pouch; and another receus 
passing upwards and backwards beneath the liver — the right subhepatic 
pouch (a space described by Rutherford Morison and others). Into this 
latter pouch the lesser sac opens through the foramen of Winslow, From 
the left supra-omental region three recesses may be traced : one in relation 
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to the spleen — the perisplenic pouch ; a second above the liver — the left 
subphrenic pouch; and a third beneath the liver — the left subhepatic 
pouclL It may be pointed out here that whilst the two subphrenic 
pouches have no direct communication with one another, yet the sub- 
hepatic pouches communicate freely. In a more complete description 
we would give the walls of these pouches in detail, especially those of the 
right subhepatic pouch, which have been described, but, we believe, not 
quite correctly. 



Fio. 3. — Diagram of (KwtpHor ulHlomiiial wnl], nlinwini; vnriiiiin c]o|<rcwiuiii. 

A, rtuht anhuhrgnlc puncli i II, riglit Ulcral [Ifniiusnt of PWer ; C, niiptr nirt o[ riglit 
Dilrmar pwMollo (rooTa; U. ri|[1it liitarnat pcrauiUc truoia 1 E, parncolEc 
perllmMal foM; F, lower jnrt of liglit aiterniil pancollc RTooiai O, l«lt luh- 
phretile pondi : II. lattaiiMiapatlc ponvh ; K, gaitru^ulleonientiim ; I.phreiiloo- 
Ecillc llinHnant; M, l<lt ailernal n«r«col[c Bn««; N, left Intemil paracollt 
eniora : X, Iha molt loatarlor pvint In pcrllnnenl cavUf on light ildc. 

The infra-omenta) division consists, as does the snpra-omcntal, of two 
(wirts— the right and left intra-omental regions. This sulxlivision is 
brought about by the projection forwards of the vertebral column, the 
muscles attached thereto, the ooita, the vena cava, and tlic mesentery 
(fig 3). These two parts communicate anteriorly in front of the small 
intestine and behind the transverse meso-colon, the transverse colon, the 
great omentum, and the abdominal wall. Interiorly they communicate 
behind the intestine and below the mesentery through the well-defined pelvic 
fossa, which may be described as a recess of the intra-oniental division. 
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The anterior parts of the lateral infra-omen tal regions are irregularly 
broken up by coils of small intestine and folds of mesentery. The posterior 
parts form deep vertical guttei*s on either side. Projecting into each of 
these gutters in its whole length is tlie colon — ascending or descending 
colon as the case may be — forming the internal and external paracolic 
grooves. The rifjht external par<icolic groove (figs. 2 and 3) is continuous 
above with tlie right subphrenic and subhepatic pouches, whilst below it is 
continuous with the subcascal fo.ssa, where the summit of the precipitous 
wall formed by the psoas muscle is the boundary between the gi'oove and 
the cavity of the pelvis. This groove is interrupted near the crest of the 
ilium by a fold of peritoneum passing from the abdominal wall about the 




Fio. 3. — DiagrammAtio transverse section of abdominal cavity at 
fourth lumbar vortebm, allowing paracolic grooves. 

A, left external {MraooUo groove ; B, left internal panioulic groove ; C, right 
internal paraoolio groove; D, right external iMrauolic groove. 

level of the iliac crest downwards and inwards to be attached to the lower 
end of the ascending colon about one inch above the ciucum in the neighbour- 
hood of the postero-extemal muscular band. The right inteimal paracolic 
groove (figs. 2 and 3) superiorly reaches the interval between the lower end 
of the second part of the duodenum and the upper end of the a.scending 
colon ; below, it is limited by the termination of the small intestine. The 
left external paracolic groove (figs. 2 and 3) is separated from the left supra- 
omental region by the phrenico-colic ligament ; below, the groove terminates 
in a space lying behind the movable iliac colon and its mesentery, communi- 
cating with the pelvis over the psoas, as on the right side. The left internal 
paracolic groove (figs. 2 and 3) terminates above, in front of the kidney in 
the inner angle of the splenic flexure; below, it communicates with the 
pelvic fossa over the common iliac artery, and over the iliac meso-colon 
which is lying in front of the lower part of the psoas. 
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In order to complete the description of the peritoneal cavity, it would 
l)e necessary to mention tlie well-recognised fossae and depressions on the 
peritoneal aspect of the anterior abdominal wall. 

As shown by many observers, including Mickulicz, Morison, Barnard, 
Moynihan, Wallace, Box, and Kelly, abscesses and other fluid eflfusions tend to 
lie in more or less constant relation to certain parts of the posterior alxlominal 
wall and to the more fixed viscera. We wish now to direct attention to 
a few points in the anatomy of these regions. We have arrived at these 
conclusions after investigations in twenty hardened and post-mortem room 
subjects. The body was placed on the back, and fluid was allowed to escape 
from a tube into the various parts of the peritoneal cavity under considera- 
tion. We found that the most convenient fluid for the purpase was a 
solution of mucilage having zinc oxide in suspension. 

Fluid allowed tcj escape from a tube placed in the various positions 
«is8umed by the appendix, tends to gravitate in one of three direction — into 
the pelvic recess, the external paracolic groove, or the internal paracolic 
groove. In almost all cases it was only when a large amount of fluid was 
used that the superior part of the right external paracolic groove formed 
the site of an {accumulation. The reason for this is the almost constant 
presence of the fold of peritoneum previously described as passing from the 
abdominal wall to the ascending colon. This paracolic fold is best marked 
when the cascum is distended and very mobile, and is best demonstrated ' 
before the abdominal wall is completely divided transversely. Arbuthnot 
Lane has described adhesions on the outer side of the caecum and colon as 
causative of certain pathological conditions. Wo are of opinion that the 
|>artiiColic fold is so constant as to neccRsitate it being described as 
normal, though of course under certain conditions it may become of the 
pathological importance he states. It is owing to this fold that a large 
collection of fluid may exist in the iliac fossa and the lower part of the 
right external paracolic groove without any being found in the upper part 
of the same groove. If, however, the fluid escapes over the fold, then 
it at once gravitates to a spot to the outer side of the superior pole 
of the right kidney, at the level of the eleventh intercostal space, just below 
the right lateral ligament of the liver. In only (me case did fluid accumu- 
late to ajiy extent above the level of the right lateral ligament. Fluid in 
the right internal panxcolic groove passed to the inferior pole of the right 
kidney and then crwsed the colon at the hepatic flexure to the external 
groove. 

By this means we found a series of fossfe — the iliac fossa, the internal 
and external paracolic grooves. We were also able to demonstrate that the 
most posterior part of the abdominal cavity on the right side is at the 
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outer side of the superior pole of the right kidney at the level of the 
eleventh intercoatal space, just below the right lateral ligament of the liver. 
Oil the left side, by aimilar moans, we demonstrated tlic left internal and 
external pai-acolic grooves. The inner groove in the subjects examined was 
much better marked than the outer, itti doejtest [)iirt being just l>elow the 
inferior pole of the kidney. A shallow depression on one or other side of 
the colon immediately below the iliac crest was sometimes present. Tlie 
most posterior part of the peritotieal cavity on this side wa^ found in all 
cases to be in relation to the posterior border of the spleen to the outer side 
of the superior pole of the right kidney, about the level of the eleventh 
intercostal space. 



— Diagramntitic sagittal wction at right inid-Pauput pUuu. 

Fluid flowing fram the pelvic fossa usually passed out on the left side 
into the internal paracolic groove, crossing the descending colon near the 
lower end of the kidney into the external groove and thus to the region of 
the spleen. 

Free fluid on the anterior surface of the stomach flowed either to right 
or left. If the effusion were near the pyloric end it passed out of the left 
subhepatic pouch into the right subhepatic pouch ; but if to the left of a 
point about one inch from the inid-Uno, it made its way into one or all of 
the recesses of the left supra-omental region. 

It seems to us, then, that a detailed account of the peritoneal cavity 
in relation with the posterior wall of the abdomen is of great practical 
importance. 



THE INTERPRETATION OF THE PRIMARY AND FIRST SECOND- 
ARY WAVE IN SPHYOMOGRAPH TRACINGS. By Thomas 
Lewis, D.Sc, M.B., B.S., University College, Lovdmi. 

A GREAT deal has been written upon the first two waves of the pulse curve. 
It is now recognised, in opposition to tlie views of Sanderson and Mahomed, 
that the first rise of pressure is due to a pressure wave in the artery. In 
an article in the Jour)ial of Anatomy and Physiology, vol. viii., Galabin 
attempted to show, by weighting the lever of his instrument, that the two 
waves could be approximated,^ and he concluded in consequence that a con- 




Fio. 1. 

siderable amount of the curve is due to " inertia " of the instrument. In 
his figure, p. 22, his views are set forth. The true wave is considered to be 
single and rounded, the upstroke less obli(iue. The peak of the primary 
wave has no real existence, and the first secondary wave is due to a rebound 
from the fundamental wave. In a later work {ibid. vol. x.) this view was 
modified, and the pulsus bisferiens wtis taken into consideration. His final 
conclusion appears to be that sometimes the second curve is actually a 
representation of a pressure wave in the artery, and that sometimes it is 
an artifact produced by the instrument. A very similar view is still held 
by many physiologists. Mackenzie (pp. 19 and 154) is of opinion that the 
first upstroke is an artifact, and that the tidal wave is the true apex of the 
curve. No one can doubt that there is a possibility of exaggeration by 
overriding in tracings representative of pulse pressures, but there has been 
some diflference of opinion as to whether this occurs by virtue of the levers 

' " Method of Concomitant Yariations." 
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or the tissues compressed. There is more room for difference of opinion 
when the amount of overriding in a given case is questioned. If the 
circumstances are considered, it will be apparent that the upstroke 
(fig. 1) AC cannot be due in its whole length to momentum of levers 
and tissues, for their inertia at the start would rather tend to decrease 
the vertical course of this portion of the curve. Moreover, as this inertia 
is gradually overcome, the line should start with a slight concavity to 
the left (figs. 2, 5, and 6). As velocity is acquired there is the possibility 
of overriding taking place, and the actual line traced, as it deviates from 
the path representative of the true pressures, will be convex to the left. 
That the whole line is not due to acquired velocity is thus apparent 
from theoretical considerations. Qalabin himself recorded the fact that 
if a tracing be taken from a ''Corrigan" pulse, with the arm elevated, 
the upstroke often becomes more vertical and yet of smaller amplitude. 




Fio. 2. Fi«;. S. 

Were the whole upstroke an artifact, its obliquity at any point* should 
be proportional to the distance of the line at that point,* from the apex of 
the upstroke. The curves in the upstroke are shown in fig. 2 ; they are 
slight, but quite perceptible. The upstroke of the vast majority of 
tracings from normal pulses showing a predicrotic is straight {cp, also 
the ha3mautogi*aphs of I^iandois). Again, given that the movements of the 
lever travelling over the first curve are due to overriding, the line of 
descent should be of the same obliquity as the corresponding part of the 
upstroke. It is true that if the tissues fall faster than the lever, there 
may be some delay in the downstroke; but, as a matter of fact, it is 
practically inappreciable. In the tracing given by Mackenzie on p. 154, 
the downstroke of the lighter pressure tracing is far less vei-tical than the 
upstroke, and the tracing itself proves the presence of a true primary wave, 
though its relations may be somewhat altered. Given a particular pulse 
in which a predicrotic occurs, there are several methods by which an 
attempt may be made to prove the truth of the record for the individual. 
First, the primary wave curve may be compared with "jerk" curves 

' Considering the tangent. 
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produced by depressing the pad and suddenly releasing it, the pad being 
meanwhile off the artery. Such a curve is shown in fig. 2.* These curves 
may be made to interrupt a pulse tracing (fig. 3, in which the paper was 
travelling slower; a represents the depression of the pad artificially). 
Both the first ])eaks and the relx)und peaks, marked 1,1, are far sharper 
than the corresponding primary wave and predicrotic marked 2, 2. 
There yet remains the metluxl lulopted by Mackcn/je, that of increasing 
or decreasing the pad pressure. Further, if the pad is restrained from 
falling with the tissues, and this restraint is gradually increased, tracings 
such as that shown in fig. 4 are obtained. The method is similar to that 
adopted by Buisson. In such cases the complication of tissue and lever 
" inertia " is to a large ext^ent avoided. By one or other of these methods 
the validity of the record, so far as the primary and first secondary waves 
are concerned, can almost always be proved. At the same time, the possi- 
bility of overriding remains in the case of very sudden upstroke (comparing 




"TivJ 



Fio. 4. 

the upstroke in fig. 3 of the primary and jerk wave, the difterence in 
obliquity is obvious). In many such cases the tracings shovv not a 
vertical, but a curved upstroke (figs. 5 and 0), parabolic with concavity to 
the left at the base, similarly parabolic but with convexity to the left 
at the apex. The amount of overriding is often difiicult to estimate in 
these cases, but there is every reason to believe that it has been exag- 
gerated, and that it will not account for the production of a double- 
topped pulse, in the great majority of instances. Finally, the tracings given 
by Oalabin are not beyond criticism, either as regards regularity or the 
method of marking ; also the method is compliavted by the possibility of an 
increased pad pressure from the weight attached to the lever. The conclusion 
seems justified that the pulse wave in the radial artery is a divided wave 
in the great majority of thase cases where the tracing shows it divided, and 
that those cases only are open to suspicion where the upstroke AC and the 
downstroke CD are equally inclined to the verticiil and are composed of 
segments of parabolic curves (cp. figs. 5, 6, and 7). As to the origin of 

1 The method cannot be adopted with the oi-dinary sphyguiograph ; it is necessary to 
attach a guide for the writing style. 
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the two waves, and the many views which have been held, little need be 
said. Curves of intraventricular pressure show the systole divided (cp. 
Marey, Bayliss, and Starling, etc.), as do also curves from the aorta, taken 
with the most delicate apparatus. There is every reason to believe that 






Fig. 6. Pio. 6. Fio. 7. 

they are produced centrally (though they may be enhanced peripherally ; 
(p, (jfalabin). Whether the second wave is produced in the ventricle, as 
Koy and Adami maintained,^ or whether it is produced in the aorta, as 
Marey and many other prominent writers believed, must for the present 
remain an open question. 

^ Who^e statement that the first wave depends on contraction of the papillary muscles 
has been called in qnestion by the work of Haycraft and Paterson, Fen wick and Overend, 
and otiiers. 
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NOTE (JN ACCESSORY CORONARY ARTERIES. By William 
St Clair Symmebs, M.B. Al)er(l., Mnmjmve ProfcHsm* of I\v(holiHji/, 
Quren'M Colletje, Belfaxt, 

I HAVE been repeatedly aware, in performing poHt-mortem exauiinatiouR, 
tliat the human lieart shows one or more small arteries arising from the 
aorta in the immediate neighbourhood of the origin of one or other of 
the coronary arteries. The existence of these supplementary arteries has 
l)een known since the days of Morgagni, and is briefly mentioned in 
comprehensive works on anatomj*. For example, Quain^ reads as 
follows: — "The existence of three arteries is not infrequent, and in a 
few instances four have Ijeen observed, the supplementary vessels being 
generally small, springing from the aorta near the main coronary trunk, 
and representing normal branches of the latter which have acquired an 
independent origin/' Poirier * mentiouH a fact which is strikingly brought 
out in my own observations, viz., that the supplementary arteries arise 
more Frequently in connection with the right than with the left coronary 
artery. I may mention, in passing, that the first plate in Richard Quain*s 
famous Analmny of tJw Arffrirn ( 1 844) shows that the riglit coronary is 
accompanied by a supplemental vessel almost e(|ual in calibre to the main 
artery. 'Ilie fretiuency with which 1 met these accessory vessels led me 
to make notes on the point in a hundred successive autopsies, with the 
following result: — 

The vessels are small, being usually from a ^ to 2 mm. in diamet(?r ; they 
arise from the aorta within a few millimetres of the mouth of the principal 
coronaries (usually the right), run down through the epicardial fat, and are 
lost over the sternal tispect of the heart, often l)eing easily traceable for 
6 or 8 centimetres or more, over the anterior aspe.ct of the right ventricle. 
In the few instances in which they arise from near the left coronary, they 
end over the diaphragmatic surface of the heart. 

Ill the hundred hearts here in question, these vessels were as follows :— 
There was one right accessory coronary in 26 of the cases. 
„ were two „ „ coronaries „ {) „ „ 

♦« >i viiiee ,, ,, ,, „ £i ,, ,, 

was one left „ coronary „ I „ 



' Quain^n Anatomy, 10th ed. vol. ii. part ii. p. 382. 
' Poirier, TraiU (TAnaiomie huniainey tome ii. |)art ii.-iv. p. G()4. 
VOL. XLJ. (THIKD SER. VOL. IL) — JAN. 1907. 11 
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There were two left accesHory coronanes and two right accessory 
coronaries in one case. 

Tlius out of one hundred hearts examined, forty carried these accessory 
arteries, in the number and disposition above stated ; and it will be at 
once noted how much more frequently the supplementary arteries were 
present on the right side than on the left — viz., these forty hearts had fifty- 
nine accessory coronaries, of which fifty-six arose from the aorta near the 
origin of the right coronary artery. 



COMPLETE BILATERAL INTERRUPTION OF THE FISSURE OF 
ROLANDO. By David Waterston, M.A., M.D., Lecturer in tite 
l)f}Htvtvievi of Avutomy, UniverHii)/ of Edivlrfivffh. 

(yOMPLETE interruption of the fissure of Rolando by a bridging gyrus which 
is on the same level as the rest of the surface of the brain ocrcurs in the 
fully-developed brain in rare cases. The first case recorded was that 
described by Wagner (1), and was found by liiiii in the brain of Fuchs. 




Since then it has been recorded, according to Spitzka, in thirteen additional 
cases, of which only two showed the condition in both hemispheres (2) ; and 
very recently Lattcs (3) has described and figured the occurrence of this 
cxMidition in the left cerebral hemisphere of a female Italian criminal ; and 
Beevor (4) at a recent meeting of the Anatomical Society showed a specimen 
of this interruption of the fissure in the right hemisphere of an adult male. 
The recorded cases have hitherto been found in the adult brain, but the con- 
dition may apparently be present at birth, as the following instance shows. 

The siHJcimen in which I found this condition was the brain of a newly- 
lx)m and fully-developed female infant. 

The antero-posterior length of the brain was 90 mm., while from the 
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frontal to the occipital pole along the mipero-niesial border it nieaaured 
145 mm. 

Right hemisphere. — The upper end of the fissure of Rolando was 
situated at a distance of 76 mm. from the orbiUil and 70 mm. from the 
occipital {)ole, and it did not interaect the supero-mesial border of the 
hemisphei'e. From that point it ran in a curved manner downwards and 
forwards for a distance of 21 mm. on the outer surface of the hemispliere. 
At this point it was interrupted by a convolution whicli united the ascending 
frontal and parietal convolutions to one another. This bridging gyrus was 
on a level with the rest of the surface of the brain, and was 4 nnn. in width. 
Below this level the fissure of Rolando was continued downwards and 




forwards to the ^josterior horizontal limb of the Sylvian fissure, but it did 
not intcraect that fissure. This lower segment measured 28 mm. 

Left hemisphere. — The upper end of the fissure in this hemisphere was 
81 mm. from the orbital pole and 65 mm. from the occipital pole, and in 
this side also it did not intei*sect the supero-mesial boi*der. It ran down- 
wards and forwards for a distance of U) nnn.; and was then inter- 
rupted by a bridging gyrus similar to that on the opposite side. In 
this case, however, there was a distinct groove on the surface of the gyrus 
in which lay a small vein which passed from the upper to the lower 
segment of the fissure. The lower portion of the fissure began in a bifid 
extremity, and it ran in nearly a straight direction downwards and forwards 
for a distance of 24 mm. towards the posterior horizontal limb of the 
Sylvian fissure, and on this side also it failed to interaect that fissure. 



Coinpleto Bilateral Intt^rruption of the Fissure of Kolaiido 145 

The distance of the upper end of the fissure from the termination of 
the calloRo- marginal sulcus was 7 mm. on the right and 5 mm. on the 
left side. 

Communications l>etween the segments of the fissure of Rolando which 
is thus divided and adjacent sulci occur with considerable fre<]uency. 

Thus, in Spitzka s case (2) the ventral segment of the left fissure was 
connected with the low^er piirt of the precentral sulcus, and in Beevor*B case 
(4) the right ventral segment was connected with a portion of the precentral 
sulcus. In Lattes* case (8) the doi-sal segment of the fissure communicated 
with the upper {>art of the precentral sulcus ; and in my own case, in the 




right hemisphere a eonnnunication existed l)etween the ventral segment of 
the fiasure and the lower part of the precentral sulcus, and in the left 
hemisphere a similar conneeti<m was found l)etwecn the dorsal segment 
of the fissure of Rolando and the precentral sulcus. 

The fre(]uency with which this coiniection exists suggests the idea that 
in such cn«es the neeeAsary surface area of grey matter has been obtained 
by a folding of the ascending frontal convolution, to compensate for the 
loss of surface grey matter entailed in the persistence of the annectant 
gyrus which crosses the fissure of Rolando. 

The other fissures and convolutions were well developed, but showed no 
s|)ecial features re(|uiring description. 

The interruption occuired in this case, n« is tisual, between the two 
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genua of the fissure, in the pasition in which the convolutions which 
bound the fissure are usually connected together by a deep annectant 
gyrus. This deep annectant gyrus represents the interval which exists 
lietween the two primitive parts from which the fissure develops, and 
in which usually becomes submerged by tlie gi*owth of the adjacent parts 
of the cortex (5). It may occasionally persist, as in the present case, and 
in such cases the fissure retains its primitive condition and remains in two 
pieces, an upper representing the upper third of the complete fissure, and 
a lower which represents its lower two-thirds. 

The illustrations are tracings of the surface of the cerebral hemispheres 
taken by the periglyph.^ 
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CONGENrrAL OBLITERA110N OF A PORTION OF THE ALI- 
MENTARY CANAL. By David VVaterston, M.A., M.D., F.R.C.S.E. 

The occiUTence of congenital obliteration of the alimentary canal has been 
recoixlecl as taking place at diff'erent levels, and the condition appeat-B to l)e 
one which occui*a fairly often. 

The Rpecinien described l:)elow was sent by Mr Stiles to Professor 
Cunningham, who has kindly asked me to examine and report upon it. It 
was obtained from a female child aged three days, who had been admitted 
to the Royal Hospital for Sick Children, and was found to suffer from 
intestinal obstruction. The alxlominal cavity was opened by Mr Stiles, and 
an artificial anus made into a loop of distended intestine: but the child did 
not recover from the operation. 

Examination of the contents of the alxlominal cavity after death 
showed the ex)ndition to Ix'i as follows: — The stomach was full, and 
normal in size and in shape. The duodenum and the jejunum for 
a distance of thirteen inches were normal in form and in position, but 
l)eyond that {)oint the intestine was somewhat dilated ; and at a distance 
of thirty inches fi-om the pylorus there wius an aperture in the wall 
where the artificial anus had been made. Beyond that point the intestine 
was not only greatly dilated, but the wall was also distinctly thickened, 
and apparcnti}'' some hypertrophy of the muscular wall had taken 
place. Five inches beyond the artificial anus, the intestine terminated in 
a smooth, rounded extremity, which hung free within the alxlominal cavity. 
At the same level the mesentery, which up t<^ this point was normal 
in its arrangement, was divided nearly to its root, and a V-shaped gap had 
lieen produced in it. The free end of the intestine was smooth, but the 
rounded end was slightly whit<med, as if the tissue were cicatrical in 
(character. 

The margins of the gap in the mesentery were smooth and rounded, but 
at the root of the mesentery were some enlarged glands. 

The distal portion of the intestine was not readily found, as the 
remaining portion of the small intestine had become twisted in a 
peculiar manner. This remaining portion of the small intestine measured 
nearly eight inches in length, and commenced in a blind extremity which 
was l)ent upon itself and was attached by fibrous adhesions to the tip of 
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the vermiform process, which projected forwards from the right side of the 
C89cum. This blind end lay in tlie right iliac fossa, and the adjacent five 
inches below it was twisted in a spiral fashion round a peritoneal cord 
which proved to he a portion of the mesentery which had apparently 
occupied the V-shaped gap previously described. 

The lower three inches of the small intestine were normal in position, 
and possessed a normal mesentery which wiia continuous with the mesenterj' 
of the upper segment. 

One inch above the ileo-caacal junction, the intestine y/tm constrictod by 
a peritoneal band which lay on the right side of the mesentery, and whicli 
passed from the mesentery to the wall of the intestine. This constriction 
had produced a dilatation of the intestine for one inch on the proximal side, 
and it looked lus if the mesenteric band would in time have severed the 
int'Cstine. No cause can be found to account for the production of this 
l)and, but it suggested that the obliteration of the intestine higher up had 
been produced by some similar condition. 

There was no sign of a Meckers diverticulum. 

The csBcum was small but was well formed, and the colon showed no 
abnormality in its whole course, but yvvui also rather small. The intestine had 
apparently developed in a normal manner, but. had been severed, possibly' 
by a me^senteric band near tin*, origin of IVfeckers diverticulum, and the 
mesentery had l)een torn nearly to its root. The distal portion had been 
rendered freely mobile, and probably peristaltic movement had produced 
a spiral twisting to the extent of three and a half turns in the direction of 
the hands of a watch. The free distal end had then l)ecome attached by 
adhesions to the tip of the vermiform appendix. 



THE PHYSIOLOGY OF THE LATERAL ATLANTO- AXIAL JOINTS. 
By Edrei) M. Corneu, B.Sc. (I^nd.), M.A., M.B., B.C. (Cantab.), 
F.R.C.S. Eng., Stuyeon to Out-Pftfipnffiy *SV Thormi^^s Hofqntal and 
the (•hUiirrv^M HiwjyitaJy Great Ormovd Street. 

In the course of preparing material for an cxtenHive examination of the 
injuries of the upp(»r e(»rvical spine, my attention has been attracted to 
several iHjints in the physiology of th(^ lateral atlanto-axial joints. In 
particular, the methods of rotation of the hea-d, wliich takes phice at these 
joints, have Ixsen carefully studied both under normal and abnormal 
conih'tions. The results ai'e embodied in this pajKjr. Briefly, it may be 
stated that natural rot-ation of the head is accompanied by an etwentric 
rotation of the atlas on the axis: which natiu*al rotation, when converted 
into extreme or forcible rotation, has added to its eccentric rotation a 
further movement of centrir or »yinmetrir(d rotation. 

Anationn'sts have spent little time on the lateral atlanto-axial joints. 
As in th<^ (^ise of most other joints, they have given more attention to 
catalogiiing and describing the various ligaments coiuiected with them. 
Naturally, one is led to believe that these ligaments constitute the most 
important part of the joint. However, a little reflection will show that 
this is not so, and that the ligaments merely play a secondary and con- 
trolling part in the? movements of the joint. Before entcn-ing into a dis- 
cussion on the phj'siology of the joint, it is desirable that a few remarkf^ 
should be made alx)ut the bony surfaces which enter into its formation. 
To the oixlinary description little can be added ; but as all the text-books 
agree in separating the descriptions of the articulating surfaces of the atlas 
and axis, it will be better to reproduce them together to show the structural 
discrepancies of the bony surfaces. 

Professor Arthur Thomson of Oxford, in Cunningham s Anatomy , 1904, 
says of the inferior articular surfaces of the (tthtft that they display 
" a slight side-to-side concavity, though flat in the antero-posterior direc- 
tion." Of the corresponding facets on the ((.m, the same authority says 
they are " slightly convex from before backwards and flat from side U) 
side." Therefore the articular surfaces entering into the lateral atlanto- 
axial joints are incongruous, not being adapted accurately to each other. When 
seen from in front (flg. I), the superior articular surfaces of the axis are 
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aeen to Iw dimcteil ontwAitJu and downwaitls from the haan of tlie odontoid 
proccaM. Thi; lictwl witli tlie iitlos ia placed on two wjiMirate mid opixuituly 
inclined plaiias oE the axis, on which it might balance. But tlieHe inclined 
planea have ii third dii-ection which prevents this niei-o static jKtiHe. 
Benides Wing inclined outwai-ds and downwai-ds, they are Iwth inclined 
forwards, especially when the neck is flexed, so that the liend iind the atlas 
have a perpetual tendency to slip forwards. 

This tendency ainnot be prevented by «ny liganientM, iw they would 
restrict the free niovenients of the joint ft is checked hy the tonic action 
of the ninscies of the neck, particularly of the shoi-t nniKcles. The uio\c- 
nientH at these lateral atlanto-axial joints are gliding movements which, 



Fin. 1.— Ant«nor view of tlie axiu, showing outwanl, 
dovmwBnl, and fonvkiU iiialiuationH <•( tliu 
superior and Iktantl taceta. 

owing to the threefold inclination of the articular sin'fivceM, t*vke place in 
three directions in space. Hence the capsular ligaments must he stack 
generally, or these movements would be nnich i-estricted. What appears 
to be the function of the ligaments is done, in reality, by the tonic action 
of the niuscles of the neck up to a certain point, beyond which the former 
exert their conti'olling action. 

With regiird tA> the mechanism of the movement of rotation of the hea^l, 
there is some genenU misconception. The view generally tu-ctqited is, that if 
the head is turned to the right, the nght side of the atlaM slides luickwai-d and 
the left forwar<l. This is illustrated in tig. 2, diagrams I. and 11. : AA and 
XX represent the transverse diameters of the atlas and axis respective! j'. 
It will be seen that the atlas rotates upon the mid-point of the axis ov 
odontoid process as a centre. Thin mechanism is not true for the ordinary 



l*liy«iolc>jry of ilio Ijtitc^nil Atltinto-iixml Joints 151 

easy inoveinentM ; it is only true for forcible or extreme rotiitory movements. 
The alx)ve view of the mechanism of rotation is that it is simple, whilst 
in reality it is l)oth compound and complex. 

In ordinary life the mechanism is diflerent. When the head is turned 
to the ri^ht, the muscles of tlu^ neck fix, or practically fix, the right atlanto- 
axial joint. This is very simply done, as the only t+»ndency which the right 
side of the athis has, is to move up hill on the axis so that it is en^ily fixed 
against the inclined plane. The left side of the atlas moves down hill and 
forward on the axis. The (tfht-H pivofs on the l4ifrrnl (liUiDto-axrial joint of 
the Mtfif* fo trhirh fhf head w tnnird ; in the illustration given, on the right 
joint, and not upon the mid-point of the axis vertebra or the odontoid 
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I. II. 

Kid. 2. — 9*9;, traiisverae sxis of the Becotul vertebra* ; AA, transverse axis of the atlas. 
Ill I. the head is inniod forcibly to the left; in II. it is turned forcibly to the 
right. This li^ire shows entfrir or ttpnmtlricnl rotation of the atlas on the 
centre of the axis. 

proceas, as illustrated in fig. 2. I'he dittcrcnice of these two mechanisms is 
easih' appreciated on comparing the diagi*anis of fig. 2 with thase of fig. 8 : 
AA and r.r represent the wime in l)oth figures. The movements shown 
in \\^, 2 may be called centric or syliunetrical rotation of the atlas (m the 
axis, and thase of fig. 8 the *isyiinnetrical or eccenti'ic. 

A further generalisation may Iw made. During its early and middle 
stages, rotation of the hea4l is always done by means of as^'nnnetrical 
eccentric rotation of the atlas on the axis (fig. 8). Extieme or forcible 
rotation is always cffect«Ml by the symmetrical rotation of the already 
jusymmetrically rotated athis on the axis (fig. 2). The S3'mmetrical rotation 
is superimposed on the asynnnetrical. This superposition of different methods 
of rotiition explains the larger size of the aperture for the spinal cord in the 
athis as compared with those of the foramen magnum and the axis vertebra. 
Were it not so, rotation of the heml would be a dangerous movement, liable 



152 m- Edred M. Corner 

to lejvd to iiijiiry of the Hpinal cord. If the inovenieiits of the eccentrics of 
an engine are watched, the alcove argument is easily appreciated. A further 
point of interest is indicated : the mechanism of rotation of tlie head at the 
atlanto-axial joints is irreguhxr, as it consists of two motions; first, an 
eccentric or asymmetrical, followed hy a centric or symmetrical movement. 
It is of the greatest importtince to the individual that there should be sonn* 
fixed point to control this irregularity for the conversion of these two move- 
ments into each other. This is the prime function of the odontoid process. 
In the execution of its most important and general function, a bone runs 
most likelihood of being injured. The odontoid process is most likely to Ik5 
injured by the eccentric rather than the centric motion. It is broken by 
an exaggeration of this asymmetrical and eccentric movement. An 
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Fio. 3. — A A, iex, aame a& in lig. 2. In I. the head is turned to the left ; in II. to the 
right. This figure shows eccentric or atymmeirieal rotation of the atlas on tlie 
lateral atlanto-axial joints. 

exaggeration of the same movement will cause — firat, subluxation or 
partial dislocation of one of the atlanto-axial joints ; ^ then unilatenil dis- 
location of the joint ; * and then fracture of the odcmtoid.'* It is of interest 
to refer in this place to the fact that we know fracture of the odontoid 
process to have occurred six times out of eight fatal and unilateral rotatory 
dislocations of the atlas.^ 

A simple observation may l)e quoted to illustrate further the eccentric 
and centric rotation of the atlas on the axis. If the tips of the forefingers 
are placed on the ends of the transverse pi*ocesses of the atlas, found half- 
way between the angles of the jaw and the mastoid processes, and the lieail 
turned gently to the right, the transverse process of the right side will be 
felt to l)e stationary or to move very little backward when comparer! with 

^ TramadiofM of the Olinieal Society ^ London, Nov. 1906. 

* Annals of Surgery, 1907. 

■* Th-ansadiotu of the Medical and CJiinmjical Sociriti, 1907. 
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the large forward iiioveiiient of t\u) left transversa process. The moveiiieiit 
of the right traiisverae process may be compared to the ciixsumduction of 
the styloid pixwess of the ulna during pronation and supination of the hand. 
If the gentle rotation of the head to tlie right is made forcible and extreme, 
the right transverse process will be felt to move backwards and be lost 
under the sterno-mastoid, sliowing the occin*rence of the synunetrical rotation 
of the atlas on the axis. 

By making alterations in the names of the sides as used above, similar 
observations can be made if the head is rotated to the left. 

This point was excellently illustrated by a young man who WHnS shown 
to the Clinical Society of London in February 1904. The left transvei*se 
pnxjess was easily palpable, but the right was not. He could turn his head 
to the right, but not to the left. The retuson for this was, contrary Us what 
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1. 11. 

Fia. 4. — AA, r.r, as in other figures; HH, long axis of bead. Roth 1. and II. show eccentric 
rotation ; I. to the right, II. to tlie left. In both cases the bead is turned v}i*k the atlas. 
If the anterior side of the atlas * in dislocated and fixed, the head cannot bo turnorl more to the 
front than the HH position. It r^in, however, turn to the otiicr side. I. and II. represent the 
|K>sitinn when speaking, eyes front, assumed by cases of unilateral dislocation of subluxation 
of the atlas. 

might have been expected, the left side of his atlas was dislocated forwards 
and therefore innnovable, so that the head was already turned to the right. 
As the right joint ahme was movable, it might have been expected that he 
could only rotate his head to the left of the middle line. But as in speak- 
ing to any person he kept his hcjid as much turned to the front as possible, 
he was unable to turn it any further to the left, and was in conse<]Uence 
only able to move it to the right to this point. The two diagrams which 
are appended will explain this better than can be done in words. 

In fig. 4, XX and AA represent the transverse axes of the atlas and 
axis as before, and HH the long axis of the head. In diagram 1. the head 
is turned with the atlas, as in the position of eyes right. In diagram II. 
the he«id is tiu'ned as much as possible to the eyes-front position on the 
atlas. 
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Anotlier case, shown at the Clinical Society in OctolKjr H)()5, showed 
by a similar test that one lateral atlanto-axial joint could work and the 
other could not. The left side of his atlas was |mrtially dislocated forward 
and held there by some action of the muscles. He could move his head 
only to the right, to the i>osition in which he held it when examined 
(diagram I. in iig. 4). 

That the fixation of his neck was merely due to nniscular action was 
shown by the administration of an amesthetic. As soon as his muscles 
were relaxed, his head rolled over and became movable at once, the sub- 
luxation being reduced. Yet another interesting point was observed in 
his case, namely, he could only sleep lying on his belly. In any other 
|)osition, sleep, by relaxing his nniscles, caused his head to move and 
excited pain which woke him up. The amesthetic was given about five 
weeks after the operation ; and as the l)oy has recovered perfect movements, 
there cannot have been a full, but only a partial, dislocation, ie, a sub- 
luxation of the atlanto-axial joint. 



THE ARRANGEMENT OF THE SYNOVIAL MEMBRANE IN THE 
PALMAR DIGITAL SHEATHS. By Charles R. Whutakek, 
L.R.C.S., L.R.C.P., Denioiistrafor of Anatoint/, Surgeon's HaUy 
Edinburgh. 

This investigation was uudertakeii in unler to determine the precise 
relatiouR that the synovial membrane l)ears to the individual tendons con- 
tained in the pahnar digital sheaths. On ivceount of tlie great difliculty 
involved in satisfactorily demonstrating the synovial coverings of the 
tendons in adult subjects, recourse was had to full-time embryos. 

That the arrangement of the synovial membrane at birth coincides with 
that at maturity may be safely deduced, because : — 

(1) The extent of the digital sheath is identical, i.f. from the base of 
the ungual phalanx to a point slightly above the head of the metacarpal 
l)one. 

(2) The slieaths have a similar situation with regard to the great 
palmar bursa, those of tlu^ index, middle, and ring fingers being isolated 
from it, that of the little finger usually connnunicating with it, and that of 
th(^ tlunnb p«issing along its nulial border and then beneath the anterior 
annular ligament into the forearm. 

(3) The tendons of the flexor sublimis digitonnn and the Hexor pro- 
I'iukIus digitorum, tus they lit; in the sheath, present the same relations to 
each other as in the adult. 

On opening up the sheaths our attention is first directed to the Imiids 
(vincula accessoria) which unite the tendons to each other and to the 
jK>sterior wall of the sheath. The ligamenta brevia are two in number : 
the distal one, triangular in shape, contiinious with the under surface of the 
Hoxor profundus digit<^rum ; the ))i'oximal one, somewhat <|uadri lateral in 
appearance, pjisses from the synovial lj«ind which links together the 
tendons of the flexor sublimis digitorum near their insertion, to the back of 
the sheath. 

Ligamenta brevia consist c)f a variable quantity of loase connective 
tissue covered by a film of synovial membrane. The free extremity is 
bifid (fig. 6). In well-injected specimens they are noticed to be vascular, 
a twig from the digital artery piercing the lateral wall of the sheath to 
enter them. The reniaining vincula, that is, the ligamenta longa, are 
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rounded, (X)r( I- 1 ike bill idu composed of deune connective ti&*jue surrounded by 
synovial inenibrane. Their number varies, but in tlie majority of cases we 
recognise two gi'oups, single and paired. Tlie former compi'ise one or two 
bands joining the deep flexor to the superficial flexor tendons ; the latter 
pass from the flexor sublimis digitorum to the lateml niargins of the 
lx)sterior aspect of the sheath. 





Kir.. 1. 



Fi«. 2. 



The synovial relations of the individual tendons are best displayed by 
a series of horizontal sections cut through the whole thickue&s of the sheath 
and its contents. 

Fig, 1. — This section is taken through the palmar extremity of the 
sheath. Each tendon possesses a separate investment ; the synovial mem- 
brane, after wrapping round the flexor profundus digitorum, becomes con- 
tinuous with the layer lining the sheath. 





Fio. 8. 



FiQ. 4. 



Fig. 2. — The arrangement here depicted is that found over the first 
])halanx, l)efore the s])litting of the flexor sublimis digitorum. 

Fig. 3. — The flexor sublimis digitorum has divided. The synovial mem- 
brane, after investing the flexor profundus digitorum, passes over a liga- 
mentum longum to enclose the split flexor sublimis digitorum, and from 
thence by means of a ligamentum brevum to line the sheath. 
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Fi(f, 4 IB mode through the first interphalangeal joint A iilm of 
synovial membrane connects the flexor profundus to the flexor sublimis 
digitorum. At this point there is no band going to the posterior part of 
the sheath. 

Fit/. 6 shows the relatioits found from the Ixise of the second phalanx 
to the insertion of the flexor sublimis digitorum. The ligamentum brevum 






Fio. 5. 



Pin. 6. 



Fro. 7 



of the flexor profundus reaches the back of the sheath and then rests upon 
the tendons of the flexor sublimis. 

Fh(j. 6 is drawn through the distal half of the second phalanx, or 
through the second interphalangeal joint Only the tendon of the flexor 
profundus digitorum is present with its ligamentum brevmn. 

Fit/, 7. — This section is made through the base of the ungual phalanx. 
The synovial membrane covers the inner sheath wall and passes over the 
insertion of the flexor profundus digitorum. 
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ANATOMICAL SOCIETY OF GREAT BRITAIN 
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Tjie Suinmcr Meeting of the Society was lield at Belfast on Friday, 
Ist June, lf)0(). Tlie Society met at 10 A.M. and at 2.30 p.m. The 
President, Professor J. Symington, F.R.S., occupied tlie chair. There were 
eigliteen members and twenty-nine visitors present. 

The minutes of the preceding meeting were read and confirmed. 

The following gentlemen were elected members of the Society: — 
A. K Thomi^son, M.ii (Irel.), F.R.C.S. ; P. Sakgent, M.B. (Cantab.), F.R.C.S. ; 
11. BuucB Young, M.A., M.B., CM. (Glasgow). 

The following connnunications were made to the Society : — 

1. Dr John Camefion exhibited a series of micro-photographs illustrating 
tlie fJrvclirpin^/ni of n(^*vf*. fibres, 

2. ♦Dr John Cameron and l)r J. I). Licklkv reported a case of an 
ftbnontud ai^^uiif/Pinent of tlie periUmeum. 

3. Professor Fawcett exhibited specimens showing: — 

((f) Double ossiKcation of the patella, the centres being vertically 
disposed. 

(ft) A specimen of the atlas from a subject eighteen years of age, show- 
ing that the transverse processes are completed by epiphyses 

{(') A series of reconstruction models illustrating the growth of the 
lower jaw. One from a 19 mm. f(t»,tu8, another from a fajtus of 21 mm., 
another from one of 23 mm., and one from a foetus of 42 mm. 

{(l) A series of sections of the central nervous system, mounted in a 

* This jvipcr was [)iibliHlie(l in full in the October number of the Journal of Anatomy 
and Phynologt/y 1906. 
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frame which could be rapidly passed through a carrier to the lantern, and 
so demonstrated directly to a class of students. 

(e) Specimens to illustrate the ossification of the ribs, showing that from 
the Ist to the 6th or Cth the tubercle is formed by two centres, that down 
to the 9th it is formed by one centre, and that below the 9th it is not 
independently ossified. 

(/) Lantern slides of the septum of the nose, showing that during the 
110 una. sttige the Jacobsonian cartilage undergoes ossification, producing 
a hitherto undescribed bone in the septum. 

(y) Lantern slides from photo-micrographs, showing that the ethmoid 
first commences to ossify in a process which passes outside the nasal duct 
to reach the nasal process of the superior maxilla. 

(A) Lantern slides illustrating the ossification and development of the 
upper jaw. 

4. Professor A. Francis Dixon refeiTcd to a freqttent retention of the 
hlixxl channel described by Livnchka in casea of chmulnHlyHtvirphia f(»t(dui, 
and exhibited a series of chondrodystrophic skulls, each of which showed 
on both sides a retention of venous communications between the inti*a- 
cranial and superficial veins in the neighbourhocxl of the glenoid fassa. 
The crania were all from individuals who were the subjects of typical 
chondrodystrophia fcetalis or achondroplasia. Three were adults — one 
female and two males, — and one waa a full-time fa»tu8. In each of the four 
specimens tlie characteristically contracted basis cranii and the shortened 
limb bones were strikingly shown. Two of the adults and the fcutal 
specimen were kindly lent by Professor E. H. Bennett. 

The venous communications between the petrosal and lateral sinuses, 
and the more superficial veins near the condyle of the lower jaw, 
first received attention from Luschka, and were regai^ied by him as 
representatives of the primitive jugular vein. In recent years this inter- 
pretation of the persistence of these venous channels has been questioned, 
and there is at present much evidence to show that Luschka's view must 
be modified. 

From an examination of the specimens exhibited, it would appear that 
a retention of the venous communication between intra- and extra-cranial 
blcMxl channels, in the region of the glenoid fossa, is common in, if not 
characteristic of, chondrodystrophia f(utalis, although it is very rare in 
normal individuals. 

5. *Mr F. Q. Parsons read a paper on tite Topoffraphiad Anutoniy of 
tfie Upper ISnd of the Tibia. 

* This paper was published in full in the October number of the Journal of Anatomy 
and Phynoloyy, 1006. 
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(i. FfoteHsor Pattbn showed a bi-aiii in wliicli there \va« iihne)n-p of Hi.'- 
Vuipiu* (JiiUnniim. 

7. *I'r<>fGWu>r Kludt Smith sliuwed h iiiiTiiber oF fl|>i!C!ineu8 and read r 
|>ai>er on //w FoUihuj i>f Hu- Vimuil Vmiex in flie I'nviiilcM, mid im fhe 
Sii})iifii'in>ri: ofthf. Ci-ri^lnid f^uftu. He [wiiited out tlic nwtidnosN wf a careful 
naked-eye examination of the ct'rebnd eortcx. wliei-eliy, for example, the 
)ireeiw oxtetit of thi< visnni nf.riak; area i-onid Ik< I'eiidily ilvlinod ; and he 
I)oiiite<l out the errurH which had arisen thruugli a purely hi«bulogical 
examination of diflei'ent jiartfl of the cortex. He dencribed the naked- 
eye ajtiK'arance of the visnal coifccx, and [minteil out how its extent cone- 
Hpouded with ditforeut Bulei in carnivors, ungulates, lennn-s, lower inunkeyR, 
and ivnthropoidH: and, finally, he described ite liuiitn in the human brain, in 
which he recogiiise<l its division into three areas, which he styled respec- 
tively, (I) ulriifli; (2) j^eri-stfiitfr., and {'i) jHiii(-itriittr. 

8. l)r Arthur Keith introduced a discussion on tkr MiMcnUir Vimnec- 
tions hri'ven fhe Awrirlnn mirl Vi'uiricb'ii of tlif Heart, and demonstrated 
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Km. ].— TobIiow [loailinii and rolatJnnBliiiM uftlio A. V. bundle, 
tiio biindle of His. The President, Professor Robinson, Professor Fawcett, 
])r Bruce Young, and others joined in-the discussion. 
• This i«pcr will appear in a Biibeeqiieiit nninbcr of the Joamal of Anatomy anrf Pkyiiol^y. 
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0. Professor ELLurr Smith read a paper in which he discussed (a) 
asymmetry of the brain and skull; (b) abnormalities of the pyramidal 
tracts ; (a) symmetrical thinning of the {mrietal l)ones in ancient Egyptians. 

10. Professor Elliot Smith, on behalf of Mr Douglas Dekky, read a 
paper on Phdyciienfniii in the Tibia. 

11. *Dr H. M. Johnston read a paper and demonstrated some beautiful 
preparations of the bones of the hand in difierent positions. 

The members were entertained by the President of the Society, as well 
ivs by the President of Queen's College, Belfast. 

Many members joined in an excursion on 2nd and 3rd June to the 
Giant's Causeway and other places of interest 

* Part I. of this paper appears in full in the present number of the Journal of 
AtMtomy mid Physiology, 
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DESCRIPTION OF A HUMAN EMBRYO OF TWENTY-THREE 
PAIRED SOMITES. By Peter Thomi'sdn, M.D., Professirr of 
Amttomy, Khufs CoUffje, London. (Plates I.-III.) 

The embryo which toriim tlie IjoRin of tliis work came from Dr Robert 
Meyer's collection in Berlin. Sent to Professor Eeibel, who was accumu- 
lating material for his forthcoming Normentafeln of human embryos, the 
specimen was most kindly lent to me with the object of making a model 
whilst I was at the Anatomical Institute in Freiburg during the summer of 
1906. Working with this specimen, I had an excellent opportunity of 
becoming acquainted with the reconstruction of embryos by the wax-plate 
method, as carried out so successfully in that University. 

The embryo, obtained at an opei'ation", was recorded as 2*5 mm. long, 
and was cut transvei*scly into 488 sections, each 5 /i in thickness, and stained 
with lx)rax-carmine. 

In making the model, every other section was drawn, enlarged 
100 diameters, and the wax plates wore made 1 millimetre in thick- 
ness. When the plates had been cut and laid in position, it was found, 
owing proliably to the hot weather and the weight of wax, that the total 
height of the model was only 220 millimetres, and, in order to correct the 
error, 24 additional wax plates were made, duplicates of every tenth 
section, and intrtKluced into the series. In this way the total length of 
the nuxlel was brought up to 244 inillimctroH, corresponding to the 244 
sections used, which iudicat€NS a shortage of lew? than 3 per cent, when 
compared with the 250 millimetres, the absolutely accurate measurement 
which the enlargement should have been, taking the length of embryo as 
25 mm. The difference is probably due to a slight shrinkage, which 
would most probably occur in preparing the specimen for cutting. It 
may be stated here that the embryo is histologically in excellent condition, 
mitosis being readily olwerved in the multiplying cells, and there seems no 

VOL. XU. (third SER. vol. it.) — APKIL 1907. 13 



160 Professor Potcr Thompson 

valid reason for doubting that the apecimen is a normal one. In addition 
to the tnodol of the whole embryo and its yolk »ac, othei' iiiodulu were 
made of special organs, namely, the heart and its endothelial tnlHi, the 
- brain, a part of the alimentary canal, and tlie neptum tranaventuni. 

It may be noted that the embryo described in this papei* I'csemhles in 
many ways His's embryo Lg., which was 215 mm. in length and estimated 
to be about fifteen days old. 

Behcription of Uodku. 

Tite Einhryo and its Ydk Sue. 

'V\ie head is small, somewhat flattened from above downwards, and 

pointed. At the aide, the opening of the otocyst externally is seen o\'er the 



Fio. 1. — W&i cut or embryo and yolk km. 



Upper end of the second post-oral branchial cleft. Anteriorly, two slight 
but well-marked bulgings indicate the position of the optic vesicles, between 
which is a depressed area corresponding to the anterior neuropore, com- 
pletely closed, but still recognisable in the sections by the coiitinnity of 
the general ectodenn and the neural ectoderuk. The mouth is a narrow 
tnmsvei'se cleft, at the bottom of which the bucco-pliaryngeiLl meuibmiiu itt 
seen, perfoiivted in two or three placca l^hind the mouth three branchial 
clefts are seen externally, and the large pr-ominence below it indicatea the 
position of the heart. There ts no trace of liiulis. 

The alimentary canal is in wide communication with the yolk sac 
through the vitelline duct, which, with the body stalk, occupica the 
umbilical orifice. The yolk sac, about as large aa the embryo, is globular 
in form and presents two marked depressions, an upper one for the accom- 
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Tuodation of the head, and the protnincnce of the heart, and a lower one for 
tlie tail and the body stalk. The body stalk, about the same thickness as 
the vitelline duct^ below and to the left side of which it is placed as it 
emerges from the umbilical orifice, is directed forwards, downwards, and 
outwards to join the chorion. In the caudnl region the l>ack of the embryo 
curves to end in the prominent tail wliich is sharply flexed and turned to 
the right, so that the embryo appears to be somewhat spirally twisted. 
Here the neural groove is not yet clased, giving rise to a posterior neuro- 
pore, a gutter, shallow at first but gradually deepening up to the point 
whet*c it becomes continuous with the central canal of the spinal cord just 
in front of the bend of the rump. The cloacal membrane is clearly distin- 
guishable on the side opposite to the neural groove, and the free extremity 
of the Cauda is received into a depression on the right side of the body stalk, 
into a little cul-de-sac formed by the amnion. At the curve of the rump 
the mcsoblastic somites are recognisable as distinct protuberances, whereas 
in the region of the back and the neck they arc much less pi*ominent. 

R<>i>t of Avinuni. — Caudalwai-ds, the root of the amnion is prolonged 
on to the dorsjil aspect of the body stalk, where it has a V-shaped 
attachment. The two ltml)s are continued upwards on either side of the 
umbilictil orifice, that on the right passing Ix^tween the tail and the stalk 
and forming, as mentioned above, the recess into which the tip of the tail 
is received. At the upper (anterior) boundary of the umbiliad orifice the 
amnion is reflected along a line which runs transvei-sely across the embryo 
at the lower end of the heart prominence, and in this way the attachment 
of the root of the amuion is completed. It will thus be seen that, in this 
embryo, a very small part only of the body stalk, on its dorsal surface, is 
covered with ectoderm. 

Nervous System. 

The nervous system is closed except in the region of the tail, where, as 
ainmdy noted, thei*e is a posterior neuro{K)re. Whilst, therefore, the caudal 
portion of the neural tube is the last part to close in this embryo, this is not 
invariabi}'' the rule. Indeed there seems to be considerable variations both 
with regard to the last place of closure of the tube, and the time at which 
the closure is complete. 

According to Hertwig's Harulbiwh, the medullary groove in the human 
embryo at the end of the second week is not yet closed, and attention is 
drawn to the fact that the series, from the second week to the time when 
the closure is complete, have not yet been described. The specimen under 
consideration forms another link in that series, of which a few may be 
briefly noted. 
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In Etemod's (I) embryo of eight paired aoinites and a length of 21 mm., 
the medullary folds are united in the cervical and thoracic regions, but tlie 
groove is open in front and behind. In KoDinunn's embryo (von Bulle) (2) 
of thirteen paired somites and a length of 23 mm., the groove is closed 
posteriorly, but open for a considerable distance in front. In Janosik's (H) 
embryo of twenty-four paired somites and a length of 3 mm., the whole 
length of the medullary canal is closed except in front, in the neighbour- 
hood of the cerebral vesiclea, where an incomplete fusion of the edges of the 
medullary tube is visible. In the embryo described by His (4), 2'4 mm. 
long, the medullary groove, with the exception of a short portion, is 
closed. lastly, J. L. Bremer (5), in an embryo of 4 mm., which he has 



Fin. 2.— Model of brain aiiil jiart of Uie apiiul eotd. 
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recently desciibed, found the neural groove open both in front and behind. 
With differences such as these, tt seems impossible to state any definite 
time, length of embryo, or the number of somites with which complete 
closure might bo associated. 

The brain consists of three cerebral vesicles. The fore-brain, with its 
optic outgrowths, but with no trace of cerebral hemispheres or hypophysis ; 
the mid-brain, the smallest of the three, and diHtinctly marked off, Ixttli in 
fi-ont and behind, by two constnctious ; and the hind-brain, larger than 
either of the preceding vesicles, and moreover distinguished by exhibiting 
a series of neuroineres. These ai-e seven in number, of which the second, 
third, fourth, and fifth are the most prominent. 

Certain important structures are in relationship with these neuromei-es. 
Tlie trigeminal ganglion, somewhat pear-shaped, is placed opposite the 
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Recond ; the ganglion acoustico-facialis is placed opponite the fourth ; and 
the otocyst opiwsite the fiftli. The otocyst ih a hollow rounded vesicle, 
with a small apeiture opening on to the surface at the side of the head : it 
is in contact uiesially with the hind-brain. The ganglion of the ninth and 
tenth cranial nerves is not yet visible, and this may explain the imperfect 
differentiation of the sixth and seventh neuromeres, opposite which the 
ganglia of these nerves normally develop. 

The number of cases in which seven neuromeres have been observed in 
association with the hind-brain are now so numerous that the arrangement 
may be considered normal. C. Bradley (6) in 1904 described the series in 
the pig, and Broman (7) in 1895 fully described the neuromeres of the 
hind-brain in a human embryo of three millimetres. 

The flexures of the brain in this specimen are so different from those 
usually described that a brief reference must now be made to them. 

At the isthmus rhombencephali, the district between the mid- and hind- 
brains, there is a prominent flexure, which also involves the anterior 
extremity of the notochord. The mid-brain and the fore-brain are bent 
downwai-ds, but there is no flexure of the fore-brain round the anterior end 
of the notochord. Its place is taken by the flexure at the isthmus, and the 
head-l)end of the embryo corrosjK>nds with it. 

A pontine flexure occurs between the anterior part of the hind-brain, 
which is placed horizontally, and the posterior portion which slopes down- 
wards and backwards. The angle of the bend is open downwards, and is 
placed opi)osite tlie fourth neuromere. 

This Ijend does not correspond with the pons flexure formed later as a 
result of a ventral bending of the floor of the hind-brain. 

The neck flexure is a very gradual one, and there is no indication 
of any constriction se|>arating the brain from the cord. 

Two of the flexures just described are so different from those 
universally regarded as primary cerebral flexures, that one hesitates to 
go further than simply place them on record. One point, however, may 
perhaps be added. The model shows the brain in a very early stage of 
development, before the hemispheres or the hypophysis have appeared. Is 
it not |K)ssible that there may be certain flexures, of a temporary character, 
which precede the primary flexures usually described ? It will be interest- 
ing to see if future models of embryos at this age exhibit any flexures at 
all resembling them. 

Notochord and Somites. 

The notochord lies close to the ventral sui'face of the spinal cord and 
brain, the general curve of which it follows. At its cephalic end it 
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teriiiinates opposite the bucco-pharyngeal membrane under the mid-brain, 
at its junction with the fore-brain. This part is distinctly flexed in associa- 
tion witli tlie bend of the neural tube at the isthmus rhombencephali, and 
a little further back, i.e. under the foremost neuromeres of the hind-brain, 
it is thicker than elsewhere, and here it retains a direct connection with 
the entoderm. At its caudal end the notochord can be traced round the 
region of the rump into the tail, where it ends indistinctly by joining the 
undifferentiated mesoderm of that structure. 

There are twenty-thi-ee pairs of somites, of which the first three, or 
three and a half, may be regarded as occipital, the remainder constituting 
the trunk somites, of which there are twenty. The twenty-first trunk 
somite is just beginning to form, but there is a region, including the tail, in 
which the mesoderm is not yet segmented. 

Alimentary Canal. 

The pharynx is separated from the mouth by the bucco-pharyngeal 
membrane, which is already perforated, but there is no trace of the 
diverticulum of Rathke. 

Behind the membrane the pharynx is relatively capacious in a trans- 
verse direction, and exhibits on each side four pouches, of which the first is 
the largest, the succeeding ones diminishing in size from before backwards. 
They are compressed antero-postenorly, and the first three terminate in 
blunt extremities, which are more or less vertically disposed. The fourth 
{)0uch is very small and pointed. As stated above, there are only three 
depressions externally behind the mouth, forming the branchial clefts. 

In the roof of the pharynx there is a prominent ridge continuous with 
the notochord, and connected with the floor is a small, hollow, rounded 
diverticulum, the median rudiment of the thyroid body. It opens into the 
pharynx by an exceedingly small aperture some distance behind the remains 
of the bucco-pharyngeal membrane, and opposite to the fii*st pharyngeal 
pouch. There is no indication of the tuberculum impar or the furcula. 

Behind the fourth pair of phar}mgeal pouches the alimentaiy tube 
suddenly narrows, and becoming compressed laterally, forms a cleft-like 
lumen directed antero-posteriorly. The part of the tube, however, whei-e 
the gradual change from a transversely disposed lunien to an antei-o- 
posterior one is manifest, is particularly interesting and important, as being 
the region at which the anlage of the lungs may be recognised. The two 
lung buds are already indicated as outgrowths from the entodermal tube, 
the epithelium of which is markedly thickened in this situation, and they 
are situated a short distance behind the foui*th pair of pouches. The left 
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lung bud, more prominent, in placed in advance of the right, and lx)th are 
growing towards tlie pleural passages, the communications l)etween the 
pericardial and |)orit<)noal j)ortionR of the ccrloin. The lung rudiments are 
phict^d op{x)Hite either the hindmost (x;cipital or first trunk somiti*. in front 
(cephahid) of the doi-sal mesocarditnn of the heart. 

It is significivnt that the lung buds in such an early embryo should 
alivady Iw bilateral, particularly in connection with the debatable (piestion 
of the nature of the lung anlago and the changes leading to the formation 
of the lung sacs. Whilst, as J. W. Flint (8) has recently pointed out, there is 
almost unanimity of opinion on the (piestion of an unpaired origin, amongst 
those who have contributed to our knowledge of the development of the 
lungs, there are, however, a few who believe in a paired anlage, and regaixl 
the maunnalian raspiratory apparatus a.s arising from primitively paired 
structures. Insomuch that the paired buds are already present in this 
cmbiyo, it lends some supfK>rt to the latter view. 

It is a very interesting question, seeing that a paired anlago for the 
lungs would bring them into line with the branchial pouches. " The lungs," 
writes J. M. Flint (8) when dealing with this view, " while not representing 
actually existing branchial {xmches (would) indicate the reappwvrance of 
eiuhxlermic invaginations of the head gut which have carried gills among 
the ancestors of vertebrates. " 

Below the origin of the lung buds is the anlage of the (esophagus and 
stomach, and in this part of the tube, bt»ginning with the region where the 
lung rudiments are found, and extending Imckwards as far as the liver bud, 
the epithelial lining is markedly thickened. Opposite the third and fourth 
trunk sr)mit(^s the liver is seen growing into the septum transversum. The 
heiNitic bud is a median structure with thick walls enclosing a cavity in 
communication with the alimentary avnal. There is no trace of the 
jmncre^is. 

The succeeding |mrt of the alimentary canal is in wide communication 
with the yolk sac, and then follows the hind gut, a very narrow part with 
a rounded lumen. This terminates in the cloaca, a relatively capacious 
cavity, pear-shaped in transverse s€»ction, opposite the point of junction 
with the allantois, triangular in section, beyond this, towards the tail gut. 
The Wolflian ducts have not vet roaeluMl the cloaca, but terminate in 
connection with the ectoderm some distance from it. 

Along its greater curvature the cloaca is in relation with the notochord, 
and along its less(»r curvature it com(».s into contact with the ectoderm at 
the rcK)t of the tail to form the clojical membrane. The terminal part of 
the gut extends beyond the membrane into the tail, and forms the post- 
anal gut. 
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Connected with the cloaca is the allantois, an extremely small tubular 
structure which extends outwards for some distance through the umbilical 
orifice embedded in the mesoderm of the body stalk At its cloacal end it 
is somewhat funnel-shaped, and at the opposite extremity, where it ends 
blindly, is a small swelling bent upon itself. 

The allantois at its origin is situated, like the cloaca, between the two 
primary caudal arches. From this origin it is directed dorsalwards, and 
forwards, towards the umbilical orifice, being placed between the umbilical 
arteries. This part of the duct is very narrow and of fairly unifonn 
calibre until it changes its direction, and runs ventral wards through the 
umbilical orifice. At the bend is a well-marked swelling, and another one 
is present just outside the orifice, a short distance from the blind extremity. 
Tliis part of the tube is also accompanied by the umbilical arteries, which 
fuse to form a single vessel soon after they pass out of the embryo into the 
body stalk. 

Excretory System. 

The excretory system, which is not shown in the model, consists of 
three parts (1) the Wolftian duct, (2) the rudimentary pronephric anlago, 
and (3) the mesonephric anlage. 

TIte Wolffian Duct is situated close to the ectoderm, tvs is shown in 
KeibcFs uhmIoI of an embryo 15-18 days old. It begins as a thict with a 
distinct lumen opposite the eighth trunk somite and extends uninterruptedly 
as far as the twentieth trunk somite, whei*e it ends by joining the 
ectoderm. This point is some distance from the cloaca, and coincides with 
the end of the dificrentiated muscle somites and the mesonephric anlage. 
Neither the muscle segments nor the mesonephric anlage are ditierentiatod 
beyond the twentieth trunk somite, but as the formation of these 
structures is continued, the Wolffian duct, it may be assumed, likewise 
becomes difierentiated, and, extending caudally, opens into the cloaca. In 
the embryo described by Bremer (5), which measured 4 mm., the duct of 
the right side opened into the cloaca ; on the left side, however, it did not 
reach so far, but ended blindly. 

Tlie Rudivientary Pronephros. — Situated in the neck region, opposite 
the sixth, seventh, and eighth trunk somites, there is, on each side, two or 
three loidimentary tubules, not connected by any duct, but communicating 
with the c(i3lom, each by a funnel-shaped passage or " trichtcr." This 
group of rudimentary tubules probably represents the pronephi-os, and it is 
separated by a distinct interval f mm the anlage of the mesonephros, which 
lies posterior to it. 

Pronephric rudiments have been described by Keibel (9) in the embryos 
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of a|)e8, tarsiuH, and Man; by Tandlcr (10) in eight out of twelve human 
embryos of 5-20 mm. always at the level of the sixth and seventh seg- 
ments; by S. P. Gage (11), in a human embryo of 3 mm.; and also by 
M*Callum (12), Bremer (5) and others. 

The AiiUuje of the Afesonephnw Ix^gins opposite the eighth trmik somite, 
Le, the same segment opposite which the Wolffian duct begins to have a 
lumen. At this stage of development the mesonephros consists of a series 
of segmental vesicles with rudimentary nephrostomes. They are close 
together and connected with the Wolffian duct, but there is no definite 
numerical agreement with the mesoblastic somites. The mesonephric tissue 
is connected with the somites, and can be traced caudally as far as the latter 
are differentiated. There are no glomeruli. 

The Vascular System. 

Tlie Heivrt — The specially interesting feature of this model is the clear 
indication of a fourth chamber — the bulbus cordis* — to which A. Keith 

(13) has recently drawn attention. Besides the sinus venosus, auricle, and 
ventricle, the three parts which are supposed to give rise to the whole heart 
in the adult, there is undoubtedly a chamber on the right side, extending 
between the ventricle and the aortic stem. Its sunnnit forms tlie highest 
|)art of the heart, and rises to the right side of the neck region. A. Greil 

(14) of runsbruck has alrcjuly published an account of its embryology in 
birds and reptiles, and traced its subse4]uent history ; and A. Keith (13) has 
shown that many malformations of the human heart, hitherto believed to 
bo the result of f(BtaI endocarditis, are really due to mal-development, or 
arrest of development of this fourth chamber. 

In its general configuration the heart has an S-shaped form, the 
various parts of which are already foreshadowed, and disposed to some 
extent in the same relative |)osition as in the adult. The four parts of the 
tube which can be recognised are the sinus venosus, the auricle, the ven- 
tricle, and the bulbus cordis, aud it will perhaps be most advantageous if 
each of the divisions be separately considered. 

Sinit» t^enoHUH. — The sinus venosus consists of two horns, right and 
left, united by a transverse connecting piece. It constitutes the hindmost 
part of the heart, and is in intimate relation with the septum ti*ansversum, 
the latter forming a distinct shelf between the two horns dorsally, and the 
ventricle ventrally. The right horn is larger than the left, and on each 
side the summit or blind end extends into the pleural passage. Each horn 

* The name proposed by A. Langer for the two homologous structure:*, the conus 
arteriotfUd of anaiuuiota and the bulbus arteriosus of the anmiota. 
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receives, on its lateni) aspect, a very sliort duct of Ciivicr, and tlie uni- 
bilica) vein. The vitelline vein, on the other hand, opens into the jMstciior 
(caudal) end oF the sinus venotnu, whicli appears to be a direct continua- 
tion of it. The transverse connecting piece runs from the left lioni to the 
right horn ; it is placed immediately ventral to the gut, and between the 
doituil mcHOcardium in front aud the septum transversuin behind. 1'lie right 
horn communicates freely witli the right side of the common auricle, but 
thei-e is no indication of the formation of the right and left venous valvuN. 

2'lie Auricle. — The auricular chamber is placed dorsal to the aortic stem, 
which is received into a concavity on its ventral surface. Tlie auricular 
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appendices are already indicated, particularly the right, which projects 
ventrally between the bulbus cordis and the aoHic stem. 

On tlie right side of the auricle is the bulbus cordis, a nari-ow cleft 
separating the two structures, and on its doi-sal surface it gives attachment 
over a somewhat oblong-shaped area to the dorsal inesocurdium. As the 
auricle is traced leftwards and downwards, the tulte somewhat narrows, and 
a slight constriction indicates the site of the auricular canal. 

The Ve^dricle. — The ventricle begins on the left side aud forms the 
lowest part of the heart or apex. From this it passes U) the right in 
contact with the septum tmnsveraum, which is sloped for its reception, and 
finally it bends forward to become contiinions with Lhe bulbus conlia 
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T/ifl Btdlms ciyrdijt. — TIiU is tlie [wrt ot the tube situntctl between the 
ventricle and tlic aortic stem. At itn coiinnenccnicnt it is a fairly cupociouB 
chamber, but traced onwai'dn it uarrown to become contiiiuouH witli the 
aortic stem, the two foiming n V-RliH|icd fignre on tlio oiiterior (ventral) 
anpect of the heart. Accoixlin}; to (Jrcil (14) and Keith (13) this fomtli 
chanil>er of the ht-art bocomcR complotuly )iicorj>onvted in tlic right ventricle 
to form the itifundibuluni. 

KnilitUirliiil T'lt/c. — A n()ccial in(Mlel of this wna mode (fijj. 5) to show 
itn rclattoiifihips to the muscular tuljv of the heart. Tlie two are separated 
by an interval, particularly in the ventricle, the bulbus cordis, and the 
aortic stem, no that at tliis stage of dcvclopincnt there are really two tubes, 
CDdothclial and muwuhir, one iimidc tlio other. 



— Hod«l at ciKlnthelisl tube oT hniri. 
( oanll): r.n,, HrH nnricis: I.*., leR uir< 



The endothelial tube shows constrictions at the auricular canal, at the 
ventricular end of the bulbus conlis, and at the aortic end of t)ie bulbus 
cordis. There is also a most obvious constriction in the bulbus coidia, not 
however at right angles to the tube, but in line with it, and disposed in such 
a way as to constrict the enti'ance of a pouch which occupies the highest 
])art of the bulbus, and opens into the rest of the tnbo by a nari-ow oriKce. 
It is dilHcult to say what the signiticnncc of this constriction may be, but 
it is {Hwsibly associated with the series of events leading to the incoiporation 
of the Inilb with the right viintriclc. Finally, it may be noted that the endo- 
thelial tube rises higher on the right side of the auricle than on the left. 

A rtcrU-K — From the aortic stem, the arterial arches, two in numlwr 
on each side, liave a radial disposition as they pass into the tirst and second 
visceral arches. The dorsal uortie pass backwards on cither side of the 
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notochoi'cl : at first sepai-ated, but gradually approaching one another, they 
eventually fuse to form a single vessel, ventral to the uotochoi-d. The 
fusion takes place opposite the seventh trunk somite, and the two vessels 
continue as a single stem up to the thirteenth trunk somite, when they 
again separate to form the two primary caudal arches. The umbilictil 
arteries accompany the allantois, the right distinctly smaller than the left, 
and finally the two vessels join together to form a single trunk within the 
body stalk. 

Veiii8, — The vitelline veins, returning the blood from the plexus on the 
yolk sac, form two well-developed vessels placed one on either side of the 
alimentary canal, and in close relation with the dorsal ptirt of the septum 
transversum. They open into the hinder end of the two horns of the sinus 
venosus, mesial to the termination of the umbilical veins. 

The umbilical veins entering the embryo by the body stalk run in the 
body wall on either side of the umbilical orifice. Reaching the venous end 
of the heart, each opens into the lateral aspect of the sinus vcnosas in 
common with the duct of Cuvier. The two vessels are nearly equal in size, 
and it is woi-thy of mention tliat the vein on each side receives a small 
tributary, soon after it enters the embryo, from that [xivt of the Ixxly wall 
corresponding to th& site at which the bud of the hind limb subsequently 
grows out. 

The primitive jugular vein begins in the neighbourhood of the otocyst, 
and, becoming more superficial as it is traced backwards, is finally joined by 
the posterior cardinal vein to form the duct of Cuvier. The latter is a 
short tiiink, which opens into the sinus venosua 

A further note on the septum transversum and the liver will be 
published subsequently. 

In conclusion, I should like to express my warmest thanks to Professor 
R. Wiedei'shcim for placing at my disposal a place in his laboititory, and 
especially to Professor Keibel for lending me this rare and valuable embryo, 
and for his kindly advice and criticism whilst the models were being made. 
My thanks are also due to Dr Robert Meyer, to whom the specimen belongs. 
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EXPLANATION OF PLATISS. 

Plate I. Drawing of a plaster cast of the reconstructed embryo, right side (nearly 
half MTo). 

Plate II. Drawing of a plaster cast of the reconstructed embryo, frontal view 
(nearly half size). 

Plate I [I. Graphic reconstruction of embryo from serial sections; the endothelial 
tube only of the heart is shown, n.;)., points to place of anterior neuro^)ore; F.B., 
fore-brain; o.fn, optic vesicle ; M.B., mid-hrain ; I.U., isthmus rhomboncophali ; i-vii, 
neuromeres of hind- brain ll.B. ; t.tj.f trigcniinal ganglion; a^fjj,, giuiglion acoustico- 
facialis; o/., otocyst; 1-23, somites ; h.m., remains of bucco-pharyngoal membrane ; 
vi.i.y median rudiment of thyroid boily ; p^^-p.*, pouches of pharynx P. ; ^., oesophagus ; 
S., stomacli ; L., liver; s.t, septum transveraum ; am., root of amnion ; V.l)., vitelline 
duct ; M.G., mid gut; N., notochord ; H.G., hind gut; G., cloaca ; a/., allantois ; t\7»., 
cloacal membrane; T., tail; m.^., medullary groove; R.A. and L.A., right and left 
auricles; »., ventricle; A.C., auricular canal ; A.S., aortic stem ; B.O., bulbus cordis. 
{Note. — Neither the left horn of the sinus vonnsus nor the o|»ening of the transverse 
piece into the right horn is indicated in the figure.) 



THE FORM AND NATURE OF THE MUSCULAR CONNECTIONS 
BETWEEN THE PRIMARY DIVISIONS OF THE VERTE- 
BRATE HEART. By Arthur Keith, M.D. (Aberd.), F.R.C.S. 
(Eng.), LecUtrer in Atuttmny, London Hospital Medical Collefje; 
and Martin Flack, B.A. (Oxon.), Assistant DmnimstrnUn^ of 
PhyfiioUHjy, London Hospital Medical Colle{fe. 

LiUnxlucton/, — In a paper contributed to the Tjicncei aome months ago 
(5), the writers continued and extended the disec:)very of Tawara (7), viz. 
that there i.s within the niaminalian Iieart a system of peculiar musculature 
(the a.-v. system) whicii, beginning as a small r(X>t (the Knoten) in or near 
the t)aHe of the interauricular septum on the right side, eventually s])rcjulH 
out in an arlx)rescent form lieneath the endocardium of Ixjth ventricles, its 
final twigs iM^coming everywhere continuous with the onlinary musctulatuni 
of the ventricles. It seemed to us essential to examine other regions of the 
heart for such peculiar musculature. Moreover Wenckelxich (8) has demon- 
strated by exact cliuic^il metluxls that a dela^' may occur in the conduction 
of the cardiac impulse from sinus to auricle. This fact stimulated us to 
investigate fully the nature of the muscular connecticm l)etwei;n the sinus 
and the auricle, which hiis already lx3en partly described by Wenckebach 
in the human heart. 

In this |)aper therefore the writers pi-opose to deal with the results of an 
extended inquiry, made with three objects in view : — 

I. To ascertain the extent, nature, and {X)sition of the muscular con- 
nection or connections between the primary divisions of the heart in all 
classes of the vertebrate kingdom. 

II. To seek in the sinus, auricle, and bulbus cordis for a differentiation 
in form and structure of a system of muscle fibres corres{K)nding to that 
now known to exist in the ventricle: in short, to ascertiun whether the 
musculature in which the heivrt- impulse is held to arise, and by which it is 
conducted, differs in form and structure from that which is mainly con- 
tractile in nature. 

III. To trace the evolution of the a.-v. muscular system, as found in the 
human he^irt, from the simpler and more definite form seen in the heart 
of fishes. 

Material. — It is important that those who may consult this paper 
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should kuow the extiet material UHed by us in tliis iiH]uiry, and its method 
of preparation. In the appended list of material we do not include the 
numerous hearts which have been diasected by knife and forceps, but only 
those which have \ycen examined by a scries of microscopic sections. 



List of MaU^riid. 

Fishes. — Eel, dog-fish, sahnon. 

Aimphihifi. — Frogs (3). 

Rrptilid, — Liztu*d (species unknown), tortoise, turtle. 

Hirds. — Sparrows (2), goldfinch. 

Afttvivutls (other than human). — Mole, porpoise, dolphin, kangaroo, 
wallaby, whale (7^. mu^cvJiis), mouse, shrew-mouse, rat (2), kitten (2), ram, 
pig, cjirt-hoi-sc, j)ony, fcetal giblx)n. 

ffuvutv. — Kmbryos (2), normal hearts, malformed hearts, and fifteen 
hearts having definite pathological lesions. 

Methiifl of Prqxnntion. — For macroscopic specimens for dissection a 
mcxlification of Kaiserlings metlunl wa^s used. The great advant^ige of 
this method is that the natural colour of the muscrle fibres returns after 
fixation, thereby rendering easier the dissection of the difi'erent sysU*ms of 
niusele fibres. T]u\ procediu'e is as follows: — 

( 1 ) The heart nnist be well washed in ruiniing water for 12 hours prior 
U) fixation, and the c^ivitie^ stuffed with tow or cotton- wool. 

(2) The specimen is then fixed in the following solution: 

Formalin, 200 c.c. 
Water, KKK) c.c. 
Potassium nitrat*^ 15 grams. 
PottLRsium acetate, 30 grams. 

in this solution it remains at least 24 hours, and longer if it 1)e large, 
hani, or tough. 

(3) Specimen placed in 80 per cent, spirit until its colour rctiu'iis. 

(4) Kept in e(|ual parts of glycerine and water. 

In the pi'epai-ation of microscopic specimens stages (3) and (4) are 
omitt(Hl. Aftei- (2) the s|)ecimeii, or the desired parts of it, is well washed 
in ruiHiing water. It is then transferre<l to spirit (24 hours), next alcohol 
in stiigc^s from 70-100 per cent, for 24-48 hours, then in xylol mitil clear, and 
finally emliedded in paraffin. We have found that the process of embedding 
is much facilitntcHl by exhausting the inculxitor. By this means clear, firm 
blocks with no trace of air-bubbles are obtained. The blocks were cut in 
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the main at 10 n, except whon it was deaired to study the ininuteat sti-ucture 
of the specimen, whun thoy wcfe cut fmtn 4/i to 7 ^ in thickmtw, iicconling 
as the natui-e of tlie tissue peimitted. The sections were utuined liy 
Elhrlich's acid hematoxylin and Van Gieson's atuiu, doh yd rated, and 
mounted in Canada balaani. It is important to ovcrstuin witli hwina- 
toxylin, otherwise tlio nuclei will not he well seen, owing to the decolor- 
inin^ action oF the second stain. 



Fla. 1 — Diagram otc gancraliisd ty|ie of rortebrate )ieart— combining roatoroti twtuA 
In tlia «il, ilog-liiih, aixl frog— iliunriiig llm {iriiiiary csnliuc climiibcrH uwl tbdr 

a.dniUTMKWUuilirelni^ i, ■urisuUr oiul i <, uirlda ; d,nnUlala: f , bullHa oordli : /, aorU ; 
l-l, iliia-cuuUr jQWUlon and nnoiu valvw ; 3-£, cuulo-aDrluulor jnnclliin j 3-S, ■iiiiular 
put u( aurlcla. oiiiiUliilDii*p«J«liniuole Blira; 4-4, lunginBUd iwrt uf auricle ; b, biilbn- 
veiiiduiiUr IiincUoii. BftliB louslliidlDal tlLna lining 11» vunlHcra then liiconiHicUaii 
batwMii the uiniilsr fliirea ol Iha uirliila wid Ilia biillHU uiucuUtuni. 

Literature. — With regard to literature, we have been unable to (ind any 
previous paper appi-ooching the nature oC our reseai-ch. The writings of 
GaHkell (2), MacWilliam (U), and Enguhnann (I) have proved of gi-eat 
service. We accept the teaching (1) that the heart's impulse is conducted 
by the cimliac muscle tissue, ('2) that iiurumlly the impulse arises in the 
musculatui-e of the sinus, setting the heart's rliythm, and then poNses to 
the auricle and ventricle, Hnally reaching the bulbus coi-dia 

The Priitwry Dioiniona of llie Vertabiiile Hani, — Befoi'e proceeding 
to describe the muscular connections between the primary divisions of the 
heaii, it is necessary fur us to dcHne exactly what we regard aw such. 



Musciiliii- Coiiiipctioim of tliu Priiiiaiy DivinionH of tbe Hciut 175 

Tlicy fiift well fleeri in the gMieralised diagram (fig. 1). Tlieie arc five 
priiiinry divisioiin of tlie tietvrt : — 

(1) The simift veiiosiiH (<(). 

(2) 'J'lic aunciilnv caital (h). 

(3) Tlie mu-iclc (c). 

(4) 'riic vcntiicic (d). 

(5) Tlio bulbus cordis (c). 

Tliero fiiv four jwiictional linefl : — 

(1) The iS'i'Ho-t'iiwr^ir, inarki^d by tiie vnnous valves, the fi'ce iniirgin 
of tlie valvcH forming the Ijomidftiy-liiie between the cavity of the ciniw 
and the cavity of the aiiriculur canal (l-l in lig. 1). 





Fm. 3.— SerieaordiBgninu Ui illaEtnto tlio |inrU tii llii^ Intniaii lioart corrcH]Hiiii1iiiK 
to tlia litiim or the {iriiiiiUvn licarr.. 

A, deiMl 'la* of wirlrabu' |Hut nl tha hwniui heart : It. coimpiiiHlliiK >!«■ ol imlliilix'i lirart : 
U. Cfltniiwnilfiift olsw oT tti« h«iirt of ■ clillil In hIiIuIi the liingi wen fnanl itiid I1i« 
«*illhiile nf tlw leR auricle eoMeipiontljr ■neiiHuiilei) t 1), cniTeapoiiillPii view nl the 
liMrt dI a mallOmeil tutiiiln whkh the larerier Tana can va* ahaent ; fI,enrre*TKHidliit 
Tlewodheheartalthe trevHlMiHi): r.nnreHNinillaK view ol the heart <il tha IrDi. the 
liirerlor nl tlis ahiiia cniioana bring eipmol to ahoir that the pulniuiarj' relna ouon 
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(2) 7'lij: (!iiwiJj>-"nvii:iiJiii; marked hy a thiekeiiing of the iiinRoulatniv 
ronnd tho ostium of the ain-iclo, NJtiiatcd on the dorso- lateral wall of the 
aiiricuint' canal (2-2 in fig. I). 

(3) Tlir (hwiloiiniiriculAir, marked in the innnitiialian heart hy the 
anrienlo-ventricnlar valvec, the treo nmrginn of which Heparnte the cavity 
of thft auricular canal from that of the ventricle (4-+ in Hg. I). 

(4) Tlif liiiJb'hmnf.ricitlitr, sitimtcd at the jiinefcion of the vontncte and 
bulbuH (5 in fig. 1). 

The. Primiiry IHvijilini'i mid Jit-iuiioiitil LIvi-h in thr Miimm'ilii'v H^<tri. 
— Our knowledge of the heart has l)oon derived in great part from expeii- 
meiitn nimle on the simpler licartn of the eel, frog, and turtle; in oixlcr to 
transfer accurately that knowledge to t)ic mammalian, and more efpeeially 
to the human heart, it id necewtary to identify in them the primary divtmonn 
wliicli are seen no clearly in the simpler hearts. We pro[jose, tliereforo, 
VOt. XM. (third 8BB. VOU II.l — APRIL 1907. 14 
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in the first phxce, to identify the live primary divisionH above mentioned 
in the human heart. 

Tlui Sinus Vcnofiiut of the Human Hmvt, — In fifj. 2 is Hhown a Kories 
of ilhistrations of views of tlie sinus venosus in various hearts ; tlie view 
represents the venous or auricuhir end of the heart, looked at from the 
dorsal side. The sinus (see E) is formed by the union of three great 
vessels — the right duct of Cuvier {rt mip. v.c.\ the left duct of Cuvier 
(If t. sup. i)M.), iuu\ the inferior vena cava (the hepatic vein of fishes). Tn 
the hunuin and in the mammalian heart, the musculature of the auricular 
canal has grown over and submerged the greater part of the sinus (o, fig. J^); 
two parts only are left exposed on the surface of the heart — (1) the 
musculature of the superior vena cava, (2) the musculature of the coronary 
sinus (the representative of the left superior vena cava (see Hgs. A, B, C). 
Hut if a section be made across the line at which the siiHis becomes sul>- 
merged (the stria terminalisof His), a second or deep stratum of musculature 
is seen (beneath o, tig. 3); this pi-obably belongs to the sinus venosus, since 
it extends beneath the endocardium of the auricle, from the position of one 
venous valve to that of the other. Besides these three definite renuiants of 
the sinus musculature, there is also the nuisculature — or part of it — in the 
Thebesian and Eustiichian valves, these being remnants of the right 
venous valve. There is often also to be found a thin muscular layer along 
the lower border of the fossa ovalis; it occupies the position of the left 
venous valve, and is prolmbly derived from it. Thus, the chief renmants 
of the sinus venosus have to Im; sought for in tiie right auricle of the 
hunuin heart. Its musculature is represented by : — 

(1) The termination of the superior vena cava, 

(2) The coronary sinus. 

(8) The submerged stratum. 

(4) The remnants of the venous valves. 

It may loe, however, that there are also remnants of the sinus in the 
left auricle of the hunuin heart. In fig. 2, F, it is seen that in the heart 
of the frog the musculature of the sinus at the sino-auricular jiniction 
(s.a.j,) includes within it the orifice of the pulnumary veins, l^his is also 
seen in the heart of the malformed f(i»tus, (ig. 2, 1). It is jM)ssible, therefore, 
that, as the part of the auricular canal (v.) which is to become the vestibule 
of the left auricle expands, a ))art of this siinis musculature is also involved 
in the process, and may persist in the left auricle of the human heart 
around the orifices of the pulmonary veins. 

In a part or in all of this sinus musculature the heart rhythm is l)elieved 
to be initiated. 
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7V(« Anriiuli'f Vamil. nf the !ini)uni Unni. — In tlic niinpIcAt foiiu of 
hcjirt tlu! miriciilni' rtiiial, wliicli Joins Hit- MitiuH vciiusiis to tlin voiilriclo, is 
(Iif1bi-eiitiati!i! into fclii-eo ptiits (see li<;. I) — (i.) a ImikiiI pnrt (iipjMwite tlie 
iimicjic), (ii.) an aiiniilar iiai't (-i-Il), (iii.) an invafrinatud or intnivciitriculai- 
[tart (4-4) Till! iiivajrinaled jmrt Toiins jiii isoiatud layer I«infaUi tlie 
JUiriculo-vontricillar valvpH, its mil sen In ft no U'coinhif; (;i)iitiiiiiiiii!t witli tliat 

or tlio v<;nti-iflrs ni<ai- Mx- uywrn of Mu- valv<>H (Ii;;. ]). Only a s II \mvi 

oF tliis innKonlntnri^ i-onianm in tlx- liuiniin lu-iirt; it fnrnm tlii^ a -v. hnmllc. 
Tliifl we shall treat of nioif fully later on. The anmtlai piirt of tlie ciinal — 
the "auricular nng," tui -wr. shall tcnn it in this article — hiut in the human 
heart becoini> aubinergcd hi the aurieulo-veiitricniar groove just above the 
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Iram ■iiint nnicitlatiin U> rnUlHiIo ul l«f t atitlvle : n, ninuln o[ nniicnlar canal •iilitiicrg- 
Ing alRii* ; " reprenent line of Kctlon of ng. 8, A. 

base of the an Hen In- ventricular valves (f, tig. H). Only one CRseiitiai diaiigo 
has taken plact!. This can best Ijc clearij' explainer! by the help of a lignre. 
In the reptilian as in tho amphibian heart (fig. 4, H) the annular paH 
forms a simple nng; the interatuicular .septum lies within it, aopamting 
the right from the left a.-v. orifice. But in the timiinimliaii heart t^ie simple 
annular form has l)ceii lost; owing to the extension of the hfifles of the 
vetitricles Iwickwards under the Iwwal wall of the aurieulnr canal, the 
annular part liiv) been folded as shown in lig. 4, A, so that the me.sial 
folded part has now come to rest iiixm tho iipi>er or auricular margin of 
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tlic inter veil triciilai- scptiini. From tliia uupraventriculiti' fold of tlie 
annular ring bvgina the iv.-v. LiukIIg (utipplctl in tig. 4, A). 

The liafuvl part of the auricular canal in haat defined by cifplaiiiiiig itn 
origin. The auricle or auricle» are outgi-owtha from the ilonstil wall of the 
auricular canal (sec fig. I); the ventral wall remains uni^iHiciRliaed as the 
basal part. The basal part, it will bo seen, is continuous with the Hiiiiiu 
venosus, with the ostium of the auricle, and with tlie auricular ring. From 
a physiological jtoint of view the basal [tart of the anticnlar canal in most 
important, since both Giuikell ami MacWilliam found that it was u path 
of conduction From the sinus to the ventricle, so that a si no- von tine u I ar 
rhythm could occur. It is therefoi-e interesting to see whether the poasi- 
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Fia. 4.— T» illuntnite tlio iiiroldiiig But) iiiixlilicatioii or tlio auriculur ring iu 
the maniiiialisii lieurt. 

A, Inia ul the niitriela at lioiiiui hurt ; II, bua ot tin raiitrlclm of hurt ul (iirUo. 
n, rluiitBiuivula.vuiitrlsiihu'urlllea! A, la» kurlciiln-vsnlriEulnr iidHiw ; c.urilka 
ol MitlM ; d, oritli's uT ihiIdiuiiiut ■rtorj' ; (, ixntcrhir |«n iil Uia ■uriviilir rliii, 
wlilvli hocumw liitulddd iu Iha nuninuliaii liMrt. Tin tUnHad jMTt iiev t 
reiirateiit* Um unir part irhicli ruBitliB miillltvnQtlatcil In Hic iiwinDiiiJIaa ln.'art, 

bility of this iliythm i-cmivins in the mammalian heart In the human, 
as in the mammalian heart, the IhuuiI wall has liecome profoundly modified 
by two great eai-diae transformations which have occurred with the evohi- 
tion of the pulmonary system. These changes are: (1) the foi-mation of 
an interauricnlar septum, (2) the formation of a vestibule to the left auricle 
(flgs. 2 and A). The basal wall has supplieil a large pait, if not the whole, of 
these two structui-es. As tlio fibres of the lowest jmrt of the interauriciilar 
septum come iiilo intimate relation with the annular ring, it will be seen 
that it is therefore possible for a si no- ventricular rhythm to occur in the 
human heart. Indeed, a layer of longitudinal muscle fibres passes directly 
from the superior vena cava into the auricular septum, and thus reaches 
the luuscidatui'c from which the a.-v. bundle conimoneeft. The musculature 
uf the three ])ai'ts of the auricular canal is rei)re.scnteil in the human 
heart thus: — 
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(1) The lnusal part hy the interauricular soptiun and by tlie vestibule 
of the Jeft auricle. 

(2) 'rhe atnmlar part by the circular fibres surrounding the ostia above 
the bjvses of the auriculo- ventricular valves. The annular fibres also 
descend for some distance on the septal cusp of the tricuspid valve. 

(3) The invaginatcd part by the a.-v. bundle. 

The Anv'uif'H of iha Ummin llftirt, — In the fishs heart, the common 
auricle forms a well -demarcated outgrowth on the dorsal wall of the 
auricular canal. The ostiiun, b}' which it opens on the canal, is surrounded 
anil indiaited by a thick circular ring of nnisculature (fig. 1, 2-2). In the 
manunalian heart, the development of the interauricular se])tum and of the 
vestibule of the left auricle from the basal wall has led to a division of 
tlin aurichi and to a wi<le se{)aration of its two parts (see fig. 3). However, 
in the manunalian, and especiallj' in the hiunan heart, a prominent ridge of 
musculatiue, commencing in the right auricle inunediately in front of the 
ternn'nation of the superior vena cava and seen on the r(x>f of the left 
auricle, still um'tes the two auricles, and represents the original continuity 
of the two chambers (see fig. 7, A). 

Thus in the right auricle of the human heart there is musculature 
derived from three sources — (1) from the auricle proper, (2) from the 
auricular canal, (3) from the sinus venosus. In the left auricle the 
musculatme arises from (1) auricle pro[)or and (2) auricular canal. All 
these parts am in the free^st mu.scnlar continuity. 

77//? Vrntrif'lr of fh/> Ihivum Ufnvl. — It is unnecessary in this place to 
discuss the corrrsjH)ndence of the*, common ventricle*, of the lower forms 
with the divided vcmtricular chamber of the higher forms. They are 
developed as outgrowths from the ventriculnr segment of the primitive 
cardinc tulw ; the part which nMnains nuflistnrbed lM»t\v«»(^n the outgrowths 
forms the interventricular septum. The ui)per nuirgin of the septum 
represents the least disturbed part of the lumen of the primitive tube; on 
it lies the a.-v. bundle. 

Thf BtiJbtis Oardis of the Hiumtn Ilftni. — This fifth division of the 
hcMirt is well marked in the primitive forms (fig. 1, r). It is generally 
suppo«(Ml to be absent in the inaiinnaliaii heart, but recently (Jreil (3) and 
one of the authors (4) has shown that this is not so; the*, infundibulum 
of the right ventricle repnvsents practicality the whole of this cavity. The 
muscniature of the but bus has become replaced entirely or for the greater 
part by that of the ventricle. 

Thr MU'f^vnhitnre of the l^inns Vrnnsjis ovd of the Sino-anricular 
Jnncfiou. — Having thus sketched out, perhaj)s too brief Ij^ the primary 
divisions of the heart, we now propose to describe the musculature of the 
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simiij vi!no!4tm ami its coiiimctiotia with the other parts of tlie heart, moit! 
{uirticiitiu'ly in rulatiorishiji to two points in physiology. (I)The rhythm of 
the heart Imgiiis in the aiiuia: does it« nHiuciilature or any jiart of its 
mititculatura «!inw any pecnliar ditiei'untiutiun in eoiiiieetion with this 
function? (2) Wliat are the iniiuciilar comiectioiiH of the simis; are they 
rtttitrictod no that a aino-eaiialar or Hiiio-anriciilai' "hlock" may occur, an 
iM mipiKUjcd l»y Wenckeliach, or are they so wide and dittnse tliat n\u-ii 
a block in inconceivablo fram an anattnnical [joint of view i These two 
iiiattei-H wc Hhall diflCiiBs in rolationuliip to the huninii heaii-t, n:«iiiir onr 



Fio. 5.— Riglitauriclsof hunikn linrl viewed from above, U>b1iow counections of 
iiiUKculstiira aL lliu tuniiiiiulioii uf tlm Bii)ierior vena oavu. 

a, iDpeiior reus cava ciit acrow ; h, TeBtllinlo at Inft unrtck ; Dlin* ani Kan b> enter tlia 
liiterauriciilar Hptnin Inini Hut tii)i«r)ur veua «vs; c, iluii* iiiiiKiilatiire of iiipartor 
vviia nana iinaliig to J«a ■iitIcIu(hi In 1^. :i); d, ■Iiiih imuculatun «( lUiwriur vgiut 

tirrs dI iiiUraiiriciilar >K|>tiiiii lubuiGnilDii linui | g, aiipuDilli ; A, Inlartur Venn cava ; 
I, iw|itHl Uliriii jMialiiK uii tu vutlLiiile >•( luH aurtulu Iwluw orlllue uf [lulmaiiary tula. 

comparative material only in jm> far an it thi-ows light on the <]ue»tionii we 



'leaking the latter ijuention first, we nnty siiy at once that the 
niiiM;nliitnn! of the numu w Un^y continnonH with that of the auricular 
canal and of Ihi^ nnrich^. An ini|iulKi! aiiKMig in tlir ninnti innscniatnrt! 
around the Leinii nation of the HUixsrior vi;na cava (fig. ;i, u) may Hpreiul 
dii-ectly (1) into the nuiNindature of the interauricniar HOptum, and thna to 
the network in whieli the a.-v, Imndle Ijogins (tig. 5, l>) ; (2) to the vestilivile 
of the left auricle (wi, tig. A), and to the anride praper along the inter- 
auricular bridge (lig. H, <■.); (.1) tit the anricnlar umal of the right auricle; 
(4) to the right aniiele pioper (tig. 5, i^. If the inipnJHi; (ronmn^nuui in 
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tlic ciii'Diiiuy .liiiuR, tlit'ii it iiiiiy b|>ii'u(! iliioetly (I) Ij) tliti vowtilnilo of tliO 
liitt tiiii'icif ; (2) t« tlie niiiniliu' HIhcs of the h'ft auricle ; (3) to the aminliu' 
fibres of t!io ri«ht jiurielo (fij;. :i. I). Iinh'(il. f he higher one iiHceiuk in the 
vertebrate iKnh, the Uinn Ik'^uiiich t!ie aiiKiiiiit n[ tlic siiiiiR iimflcuhvt«i-e, 
but the };i-eittor the cloflctieHs of itn coiiiiectioii with the canalnr and with 
the amiciilar nmsculature. It thet-el'ore Djipeiit-H t<i hr that tlic Btno- 
niii'iculni' " lihick " t%-iiiiiot be thu? Ui an (itiatumtiral hwion of a iian-ow 
bridge of lihrcs, but must nnne fi-oiii the depresstoii, pixtbahly uf vagal 
origin, ut the inuncnUvr tissue in tliia reffton. 



¥io. S.— A. Bino-BUTicuUr jimction in hninnn licm-t (|>orit,ion indicated in lig. 3)j 
It, Binn-nuriciitar junction in tnrtle'n lieart Tlie figureit rcjirewnt enrreiponding 
]«rls in tiiR hrn limrtn. 

I, ■itnmilnliin' ot amxitiiir rciin nnvn w rIiiii* Hi A : •<! >riiiiii vriKimii In n ; 3, nrtrrr miil mir- 

g liKllmlfii Jrnicllan .i( miixciiliiliire »f ■Iniw Knil iii'irl.:l<- in Mw tcivHia rnK<- : 4. unrlcnliir 
ninn-lp, illllc-n iTinn ulnilFi inilw<il*tlin> In InUi A nml It III hnvlni n vuir ■llslK vii-rncnrdlill 
niverjiig; S, uili-nplMrdlnl timiiw ; ■. nninectlie timis iK'tween llnill RIMl aurlclo. 

In fig. (i we give twii sertionn ol the sino-aHrieiilai' jundUiin :' A is 
that of t)i<> hninnti heart made aeronn the nuIcus ttTininahs in the ]H)Hition 
rIiowii in lig. It, B that ot the hejirt iif the turtle. The venonw valve (see 
lig. (i, H) at tlic nitio-anrienlar jnnetion is si-en to \k really a fold of the 
caixliac tid>e: the musculature of one side of the valve is derivei] from the 

' W(? nue tlie Inrm "Bin(j-niiriunUr" in prcferunni In " sino-mnniiir " licrjiiiw, nltliough n 
tnic !)iiiii-u!iiinlitr jini''ti<ii[ i^xiNlit im the diirsnl sj.le in Ulh nionl. pviiniUve lipm'la(fiee fig. I), 
yet ill nil but lliMc tlic jiiirt ot tlie oiiml betwei-ii tlit sinns niiil Hie anriole 'lisni'iioarn, nnrl 
tliH (lorwil jimcti'in IwcnnicK rcjillv a Hin')-nurirnlnr jitiicli"ii. Jii>rpr)vti-, as the term 
"iiiirir.lr" i" iiximllv ii|>)ili(.il in Uiu iniiiiininlinii liciirt liillicirtrlB rft[nvpi'nlMig boUi atiticiilur, 
canul anil iHirick jirufier, the term "Biiio-anricnlnr" ib iIil' mure ni>jm>iiHalp, 
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sinus — that of the otliev is continuous witli tlia auricniar innncnlatuiT 
At the fi-eu innrgin of the valve the sjno-auricular niuBclo is contiiuious 
(fig. G, B, 3). A cui'tain amount of fibrous tissue belonging to tlie epicaniiuni 
ia enclostxl within the fohls of the valve; in this aii ai'tery is fiuquently 
present. By the musculature of tlie valves an impulse may be freely 
distributed in the uniscuiature of the auricniar canal and ol' the auricli.' 
proper, for at the upper and lower angles at which the valves unite their 
mnscnlivturo spreads out and joins freely with that of the auricular division 
of the heart (tig. C, B, 4). In the mamiualian heart a distinct remnant of the 
flino-auricular junction, so well shown in more primitive liciuts, can lie 



A B 

). 7.— Sliowing liluwl-niijiiily of t)ic nillwlilatliro ortlis sinU'ikiincnlaT jiiiietiiiD. 

untu Hiiil iHiliiuiuu')- urturlw luiitniHl, uiiiKliitf BurlBlia rniui Ills fruut ; II, riulit aurlcto 
Irvui UM iliie. u, •■iHiriai' vbiw usni: b, ii|i]i«ii<llt ; e, vcaUliuki u( kit wirtvlo; 
a, ■rlury arUliitf (nuii rlKlil ainwanr ■iid iiuhIiik Io rinihanrkiihr JnikUoii ; Hi t Uii 
■riiirr ulTlili^ I'Uo IitiuidIi iwaliig ia Iba JiiucUou In fn«t mti) tha uUiur iu mpMia 
Iwliliid wiitnut nnu <>**■ ; /, niiiiiR ol lian bninchci nlmva iiHinUoiied lii itilciu 






a ilubt ounjiiu? uMty ; A, auutoawrfna 



recognised (fig. 6, A). In the human heart, us in moat mammalian hearts, 
an artery or arterial circle lies in the junction (tig. G, A, 2); the artery is 
surrounded by fihi-ous tissue lu which are numerous peculiar muscle fibres, 
some nci've cells and nerve fibres. The nerve cells and H1>i'ch we tiiid 
from di.<isection to connect with the vagal and sympathetic nerve trunlcH 
which fiirm so lich a plexuH and exert so {xiwt-rfnl an eO'ect at this junction. 
The miisuiilature of the HU)HM'i<ir vi!iia cava lieci>ini;s coutii minis with that 
of the auricle and of the auricular cinial totli on the outer and inner side 
of the artery. 

Our search for a wcll-diflerentiated syateni of tibrcs within the sinus, 
which might serve ils a luiais for the incc])tion of the caixliivG rhythm, has 
led ua to ntUch importance to this jieculiar iiuiscnhitui-e suii-onnding th<! 
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artery at the sino-auricular jinietion (<i^. (>, A, 2). In the huumn heart the 
fibres are striated, fusiform, with well-marked elongated nuclei, plexifonn 
in arrangement, and eml)edded in d(»nsel\' packed connective tissue — in fact, 
of chxsely similar structure (a) the KuoUmi. Thi^ amount of tliis musculature 
varies, depending upon how nuidi of the sinus has remained of the 
primitive type: Imt in the n(*ighlM)urh(KKl of the taenia terminalis there is 
always some of this primitive tissue found. Mjicrosw^pically, the fibres 
resend)le those of the a.-v. bundle in being paler than the surrounding 
musculature, i.f. in K^ing of the white variety. They win Ix^ dissected out 
on the superior vena cava in the region cori-espondiug to the right venous 
valve (rr, fig. 8), and at the coronary sinus in the interval lK».tween it and 
the inferior vena cava and left auricle (/;, /, fig. l\). Another remarkable 
jK3int in connection with these fibres is the special arterial supply with 
which they are provided (fig. 7, A and B). These arterial branches, as noticed 
by Wenckebach, endmicc the sino-auncular junction. It will Iw seen that 
they come from both right and left coronary arteries and form what may be 
termed tluj "sino-auricular artc^rial circle." We might mention also that, in 
some of the pathological hearts cut by us, sections of this region appeared 
to show a definite incre^ise in the amount of fibrous tissue present — a fact 
of cnnsidnrable importance, since we have* found that the fibrous tissue of 
the KnoU^i and ik-v. bundle is scmietimes increased in pathological hearts. 

The nature of this remnant is perhaps best exemplified in the heart of 
the mole (fig. 8). Here it is seen that at the sino-auricular junction (A, E) 
there is a mass of remarkable tissue. It appears to the eye afl a very inti- 
mate*, network of palely stained undifrerentiated fibres with a large number 
of well-stiiined nuclei. It is totjilly dillerent from the surrounding muscula- 
ture, and contains but little fibrous tissue. Although the mass by its 
cofuiecticms is undoubtedly muscular, the n(»rv(\s in the neigh bourhfKMl of 
the su])erior vena cava appear to come into very intimate coimection with 
it, so much so that we feel justified in stating that a highly difierentiated 
neuro-muscular junction occurs at this point. In this heart also the bundle 
(1, fig. 8) is of absolutel}^ identical structure. 

In a section of the heart of the wallaby in this region there is seen 
undcM' the low power (2") a mass of fibrous tissue apparently separating 
supcu'ior vena cava from auricle. On closc^r inspection, how(»ver, it is seen 
that very delicate, palely stained, primitive muscular tissue is enclosed 
within the fibrous mass. 

A section of this junction in the porpoise's heart is interesting. The 
musculature of the superior vena cava lias largely remained primitive in 
type. The wall of the superior cava consists of alternate layers of fibrous 
tissue and primitive palely staining fibres. Just at the junction, however, 
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oE the supoiior vena cava and anriclc, a network of these Hbres and tihi-ous 
ti»siie ia formed. In it there ia an artery, and two nerve tiainku lie cIohc by. 
In the dolphin's heivrt, on the other hand, there in no difference Ijetween 
the greater part of the inusculatni'e of tiie Hnjierior veaa cava and that of 
the auncle. But in the region of the tosma tenninalia there occurs some 
loosely-woven fibrous tissue, in the ine»hes of which arc contained nn artery 
and wavy, delicate muscle fibres witli well-marked nuclei. 
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The ram's heart also shows a similar characteristic set ot fibres in this 
region. 'Hie tissue in thiH case shows a inarkiKl iiniotint of filmms timue 
loosely int«rwovei) with palely'Stainin^ fibi-c.s closely resembling those of 
the sinus of the frog. Thu i-eninant also oceui-s in the heart'* of tlic kitten, 
nit, and inouse. 

From the al>ove it will be seen that the presence of these primitive 
fibres is remarkably constant. Physiologieid experiments have cletuly 
demonstrated that normally the beiirt's rhythm hegin.H in the neiglilKiur- 
IioohI of the gi-isat veins, and that here nervou.-s iuHnence has a most potent 
effect <AIacWilitam, Engehiianu, Tiering, and othei-s). The fact, thcittfitre. 
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that there is a coii.sfcaiit diflerentiation of certain fibres in this region, which, 
moreover, are in close connection witli tlie nerves aflecting the heart's rhythm, 
leads us U) attach groat importance to these fibres, and we feel justified in 
exjiressing the opinion that it is in them that the dominating rhythm of 
the heart normally ))ogins. 

Thf* (JtntiOo-tnn'iriilnr Jnvrfiov. — At the ostium of the auricle in the 
lower hearts the musculature is <lirectly contiinious with that of the auric- 
uhir canal (fig. 1, 2-2). In them there is a diflerence in the type of fibre 
constituting the two parts, those of the auricle being coarser, more striated, 
and more deeply stained. In the mammalian heart the junction between 
the parts representing the auricular canal and the auricle proper is also 
marked by a thickening of the musculature. The fusion of the different 
systems of nniscle fibres, however, is for the most part so intimate that it is 
difficult to distingTiish between them. We could find no tracQ of any 
(especially dillerentiated fibres at this junction. 

Thr (■(tvulo'Vo^irindnv Junctio)!. — This is the junction of the auricular 
canal with the ventricle. It has been described by MacWilliam in the 
heart of the eel. In this heart the auricular ring is connected to the 
ventricular system by the fibres of the invaginated part of the ain*icular 
canal (s<»(» 4-4, fig. 1). This part of the canal shows a diflerentiation even 
in the eel. Ii« fibres diOer from those of the re^t of the canal in being 
larger, less striated, staining more palely, and possessing a very large distinct 
nucleus. 

In the frog there is a similar connection all round the auriculo-ventric- 
ular orifice below the base of the a.-v. valves, but particularly below the 
auricular septum. The fibres of the connection are not differentiated from 
those of the rest of the canal : they ani shut off' by fibrous tissue from the 
ventricular system in the upper part of their course, but later on they fuse 
with the fibres of the innermost part of the ventricular wall. The canalo- 
ventricular jmiction in the reptilian heart is similar to that of the fish and 
of the frog. 

In the nmunnalian heart the auricular ring and the invaginated fibres 
become profoundly modified. Taking the human heart as a type, we find 
that the ring can still be traced round the right auriculo-ventricular orifice 
above the bases of the valves. The fibies are no longer isolated, but can 
be identified by their structure. No trace of them can be found in the 
canal of the left auricle. It will perhaps be well to recall the arrangement 
ot the muscular cotniection between the auricular canal and the ventricle 
in the human heart. The system begins in the " Knoten/' a small mass of 
interwoven fibres in the central fibrous body of the heart, having slender 
connections witli (1) the musculature of the interauricular septum ; (2) the 
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circular fibres of the right auricular canal From this arises the main b\indle 
which passes along the upper border of the interventricular septum below 
the pai*s membranacea septi. Here it divides into a right and a left 
division, whicli pursue a subendocardial course in the right and left ventricles 
respectively, and finally fuse with the ventricular muscle. The fibres com- 
posing the main bundle, and more especially its arborisations, vary very 
much in type in the hearts of different species. In some hearts there is a 
marked difference from the ordinary ventricular musculature. Such is the 
case in the hearts of the sheep, ox, calf, cart-horse, pony. In these tlie main 
bundle consists of long, delicately striated fibres, with large nuclei. The 
end arborisations consist of fibres belonging to the Purkinje system. In 
other hearts the fibres of the bundle and its terminal branches are not so 
well differentiated fi*om the ventricular fibres. This is the case in the whale, 
kangaroo, wallaby, dolphin, man, rat, kitten, mouse, shrew-mouse, and pig. 
In these liearts, however, and especially in the first four mentioned, there 
is still a differentiation of fibre rendering the bundle quite distinct from the 
ordinary ventricular musculature. The fibres of the bundle are larger, more 
delicate, less striated, and stain less deeply than those of the ventricle 
proper. In certain other hearts, namely, tluxse of birds, the authoi*s have Ix^cn 
unable to find any differentiation of fibres in the bundle ; the guides to it 
being its position and its definite demarcation by fibrous tissue. In the 
birds' hearts examined by us, the a.-v. bundle arises from the auricular ring 
and dives at once into the interventricular septum. 

The a.-v. bundle is the sole muscular connection between the auncular 
canal and the ventricle ; there is no direct connection between auricle proper 
and ventricle in the mammalian heaH. It must be admitted, however, that 
in one ca.se, namely, in the heart of a rat, the auricular and ventricular 
fibres appear to come into close apposition in the right lateral auriculo- 
veutricular region, and undoubtedly represent one of the connections 
described by Stanley Rent. In the heart of the sparrow also there is a 
similar close apposition of fibres in this region. This close apposition, 
however, cannot be looked upon as a connection; the a.-v. bundle is to 
be regarded as the sole connection between the auricular canal and the 
ventricle. 

The BalbO'VentricHUtr Junr.tUyn. — This junction is well marked in 
the primitive hearts (see 5, fig. 1). In all a circular groove containing 
epicardium separates the ventricular from the bulbar musculature, 
but not completely; the inner or subendocardial layer of ventricular 
musculature becomes continuous with the bulbar musculature. In the 
frog's heart this is also the form of connection, but the union is three or 
four times denser on the dorsal than on the ventral side of the b.-v. junction. 
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In the mammalian lieart the bulbus has become fused with the right 
ventricle, forming the infundibulum of that cavity. GreiFs research on 
the heart led him to the conclusion that, although the cavity of the bulbus 
remains, its musculature has been overgrown and replaced by that of 
the ventricle. The moderator band which passes from tlie septal wail of 
the right ventricle to the base of the anterior group of musculi papillares 
marks the separation of the bulbar part from the rest of the right ventricle. 
On this band of muscle the right division of the a.-v. bundle descends : that 
is, if our ideutiKcatiou be correct, the right septal division descends in the 
position of the bul bo- ventricular junction. There can be no doubt, at least, 
that there is no bulbo-ventricular separation of fibres in the mammalian 
heart. 

lite MorplmlfKiy of the A,-V, Bxmdie. — This is the third \m\\i which we 
hod in mind during this research. As the residt of our examination of the 
hearts in different branches of the vertebrate kingdom, we have come to 
the following conclusions in reference to the morphology of this bundle: — 
(1) The "KnoU^'ii" represents the only part of the annular ring of the 
auricular canal of the primitive heart which has remained uudifierentiated 
in type. The rest of the ring has become differentiated and is imbedded 
in the other auricular musculature as explained above. (2) The main 
bundle and its two divisions represent the remnant of the invaginated 
portion of the auricular canal. 

The chief evidence in favour of (1) may be summarised thus: — The 
different position occupied by the Knoten in relation to the central fibrous 
l)ody in the hearts of different animals, e.g. of the sheep, horae, and man, 
points to the fjict that in each a different portion of the auricular ring has 
remained undifferentiated as the Knoten. The musculature of the Knoten 
r(vieinbles in structure the other portion of the primitive canal which has 
remained undifferentiated, namelj^ the remnant at the sino-auricular 
junction, evidenced especially by the hearts of the mole, rat, and ram. 
Lastly, in the heart of a human embryo (32 mm. long) the auricular ring 
is clearly seen, and the part which is to persist as the Knoten is in close 
continuity with the ventricular musculature. The ring in this embryo is 
at the upper part of the interventricular septum, and its fibres are of 
exactly the same type as persist in the Knoten throughout life. 

The evidence that the main bundle is the remnant of the invaginated 
|)ortion of the auricular ring reveals itself as w^e proceed from the lower to 
the higher forms. In the eel this part of the auricular canal forms the 
a.-v. ccmncction, which is all round the auriculo-ventricular orifice. In the 
amphibian and reptilian heart the connection is still around the whole 
orifice, but it is thickest at the base of the interauricular septum. In the 






XV^ w' 



188 Dr Arthur Keith and Mr Martin Flack 

bird's heart the connection is comparatively large, and is situated solely at 
the base of the interauricular soptuiu. In the mammalian heart the connec- 
tion is small, and occupies the upper border of the interventricular septum. 
It is beyond the purpose of this article to discuss the physiological reason 
for this restriction of the muscular connection between the auricle and the 
ventricle to a narrow bundle which measures on the average only 
1*5 X '8 mm. in diameter; but its persistence in the position which it 
occupies becomes intelligible when it is called to mind that the upper 
border of the interventricular septum represents the least-disturbed part 
of the lumen of the embryonic cardiac tube. 

Summary. 

I. (a) The muscular coiuiection in the lower hearts between sinus and 
auricular canal, and in the higher between the paiis of the 
heai*t representing them, is intimata In the latter, fibres 
pass directly from this junction to the vicinity of the a.-v. 
bundle. 

(b) The canalo-auricular junction is marked by a thickening of the 

heart wall at this point. The muscular connection is ditfuse. 
In the lower forms there is a difterence l)etween the Hbrcs of 
the two parts, but in higher forms the fusion is so intimate 
that no difterence in the type of Hbre can be distinguished. 

(c) The canalo-ventricular junction decreases in extent from the 

lower to the higher forms; in the latter it is represented 
solely by the a.-v. bundle. 

(d) The bulbo-ventricular junction is well marked in the lower 

hearts. In higher forms the ventricular musculature has 
replaced that of the bulbus. 
II. (a) There is a remarkable remnant of primitive fibres persisting at 
the sino-auricular junction in all the mammalian heiirts 
examined. These fibres are in close connection with the 
vagus and sympathetic nerves, and have a special arterial 
supply; in them the dominating rhythm of the heart is 
believed to normally arise. 
(b) No special differentiation of fibres was fomid at the canalo- 
auricular and bulbo-ventricular junctions. 
III. (a) The Knoten is a part of the primitive auricular ring which has 
remained undifferentiated. 
(b) The main bundle and its branches represent the invaginated 
portion of the primitive auricular canal. 
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Pflfufer'f Archivy Bd. 116, p. 143. It is intcreBting to note tliat Ilering brines about conii>lclc 
stoppage of the nnpraventricular ]iart8 of the heart by a cut made at the sino-auricular 
junction in ])recisely the same ]K)8ition as our section (fig. 6, A). 
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BAEE ANOMALY OF THE HUMAN HEART— A THREE-CHAM- 
BERED HEART IN AN ADULT AGED THIRTY-FIVE YEARS. 
By Professor A. H. Young, F.R.C.S., LL.D., UniverHity of MancheHter. 

I AM indebted to my friend and colleague, Professor J. Dixon Mann, for 
the opportunity of placing on recoi*d an abnormality of the human heart 
of such an unusual character that it may be i*egarded as being almost 
unique. 

The specimen in question was the heart of a man aged fS5 years, wlio 
during the greater part of his life appeare<l fairly healthy, and any mal- 
formation of the heart was not even suspected. Professor Dixon Mann has 
given me the chief facts of the clinical history of the case ; and I leani that, 
when Professor Dixon Mann first saw the patient, in December 1905, he 
was propped up in bed, and presented the usual appearances of one sufTor- 
ing from chronic heart disease : he had a cough, with bronchial expectora- 
tion, the breathing wtis difficult, and there was some oKlema al)out the 
ankles. The lips apjuirently were of the usual ruddy colour, the Hngei-s 
were not clubbed, and, in short, there were no signs whatever of cyanosis. 
The area of cardiac dulness was considerably incretised ; the cardiac impulse 
was more ^itensive than normal, the apex beat being difficult to locate, the 
centre pf the impulse was about the fifth interspace, jast a little to the left 
of the middle line ; there was no thrill. On auscultation, the first sound 
was found to be replaced by a loud, rushing systolic murmur, which extended 
over the whole cardiac area ; no other murnnir could be distinguished. Some 
amount of (edema was present at the base of the lungs. The liver dulness 
was slightly increased ; there was no ascites. 

No history of rhemnatism was forthcoming, nor could any account of a 
definite commencement of the heart trouble be obtained. 

The patient improved for a time ; but later on a relapse occurred, he 
l)ecame cyanotic, and was admittc<l into the Salfonl liiiyal Hospital on 
the 28th of May 1 006. He was then deeply cyanosed, and suffered greatly 
from dyspncBa ; two days later he died. A post - mortem examination 
was made by Dr W. Mair, Pathologist to the Hospital, and Demonstrator 
of Pathology at the Univeraity of Manchester. 

The heart, though enlarged in size, especially the ventricular part, 
seemed otherwise normal, and in particular the great emerging vessels 



Itam Anoiimly of (he (liiiiKin llnttt IfH 

tit the licnrt A]>])cnnMl to In; ipiite iioiiiiiil iin ro^inls ^lOFtitioii. l>i- Mnir 
«w;Mm)iiigly icmiiovchI tlio IiuiiL in tlic iisiiivl iiiniiiier, ciittiri;( tlio j;i'cat 
viW4vls fiiiiiiewliat clone to tlii-ir ori^inH: tlio ductus mtmoauH wan not 
r'i!t4iiiiG(i in the removed hiiiu-L 

Further exanihintion r)f tho hi'nit showcl that Uiorc wiw only a single 
hnititional ventrich;. hi this ninglc vi'iitricli^ thcrn was hiirilly any trace 
of ailiviMJoi] lN'twi'<-n H^Hit an<l U-U. ^.-iitriclrx. (n fact. th.< heart wliieh 
wan aniphibinii in type, elonely i-tiNi^inhicii the heart of »n opiiidian i-cgttile. 



Fto. 1.— 'I'lii- mTity of tlie eoniiiioii vpiitrii:l« (from i» |ilmt"f;M|'l' 'T Mrwin FIbHts A (larur'tl. 
MaiicliGstcr). 1'srt nf tlic niitnrior wnll nf llin vnitiicle lii» Ixvii rciiiovrd aii't the vniitiicle 
iijirticl nut Intpmlly ; n rUkh rorl in iiinnrtnl to Vrny Hie cnvtl; "{oni. 
A. <ic|.tllni infrrlnm IL rloht lntiin<lll»iliir ianKi; 0. Mt liitoiiillhiilnr linnil j l>, iirirtik: R, ntitlre al lli« 
uiilniniinry urterj ; P. rTttht iuirli:iilo-tentrlculiir HpcrUini niirl Iriruitiiil tiilia ; It. lea iiurlciilu-reiitrlRiiliLr 
Rpcrtnre iin<t mllni] tbItb , II, nmnlni nl the hiilhni cr.nlli. 

In the single %'entnole, which wan of huge size, two more or less 
pi-ominent lidgcH were distinguish able. One o[ these, the larger and the 
most pruniineiit, was situated well to tlic right, on the |)osterior wall 
of the ventricle (fig. 1, H); tho other ridge, smaller in sixc, and not so 
prtnninent, was situated about the middle, on the iK)nteri<ir wall of the 
ventricle (lig. 1, A). It extended from the level of the aui-icitlo-veiitricular 
ajjcrtui-ea downwards, somewhat ohiiipiely to the long axis of the ventricle, 
vol,. Xl,l. (TIITRl) SKR. VOI* M.)— APRIL 190/. 1.5 
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to near the apex of the heart, and appeared to be little more than a well- 
developed " columnaB caniead." 

The two ridges are of considerable interest and of great importance, 
one apparently representing a rudimentary interventricular Keptum. At 
first one was inclined to regard the larger and more prominent ridge 
(B, fig. 1) as representing the septum ; but subseciuentlj'^ it seeuied clear 
that the septum was represented by the smaller and less prominent ridge 
(A, % 1). 

The determination as to which of . the two ridges really represented the 
interventricular septum did not in the least interfere with the existence of 
a single common ventricle, for neither of them was of sufficient size to 
constitute a division of the single ventricle into right and left ventricular 
chambers. Still, it modified considerably the view taken as to the essential 
nature of the conmion ventricle. If, e.g,, the more prominent and larger 
ridge, that to the right of the couunon ventricle, represented the inter- 
ventricular septum, then a right ventricle was distinguishable as a small 
triangular fossa (fig. 1, H) immediately to the right of the ridge; it had no 
direct communication with the right auricle or with the pulmonary artery, 
but was continued upwards to form the root of the aorta. 

To the left of the ridge now refeiTcd to, the whole remaining part of 
the common ventricle represented the left ventricle. This was of consider- 
able size, and freely communicated with the so-called right ventricle — the 
two together forming a common ventricular chamber (fig. 1), receiving the 
separate apertures of the right and left auricles and giving off the origins 
of the aorta and the pulmonary artery. These latter vessels arose separ- 
ately from the common ventricle, the aorta being in front and somewhat 
to the right, and the pulmonary artery behind and slightly to the left. 

Each vessel was guarded by the usual semilunar valves, and in the 
pulmonary semilunar valve all the segments showed evidences of advanced 
atheromatous changes. 

On external examination, the aoi*ta and the pulmonary artery appeared 
to be in their usual relative positions, and it was not until the vessels were 
laid open that one suspected that they were transposed. On opening what 
from its position one thought was the pulmonary artery, it was seen that 
the two coronary arteries of the heart arose from the adjacent posterior 
sinuses of Valsalva of the presumed pulmonary artery ; and for this reason 
I ventured to assert that the parent trunk was the aorta, and this was borne 
out by the relative thickness of its wall. The aorta and the pulmonary 
artery were transposed. 

The auriculo-ventricular orifices were normal in size, and opened at the 
upper part of the common ventricle. The right auriculo- ventricular aperture 
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was guarded by the tricuspid valve (fig. 1, F), and the left aperture by the 
initml valve (fig. 1, G); this latter, however, had a well-developed third 
segment, and was not unlike the tricuspid valve. 

Of the two auricles it is only necessary to point out that the fossa ovalis 
was not entirely obliterated; a small slit-like aperture existed at its lower 
and anterior part. 

Not being quite satisfied as to the real significance and nature of the 
two ridges above described, I was fortunate enough to meet my friend, Dr 
Arthur Keith, whose researches on the heart and its malformations are so 
well known ; and we decided that the laiger ridge — that situated to the right 
of the common ventricle — represented the right infundibular band, and that 
the real indication of the interventricular septum was the smaller and less 
prominent ridge (fig. 1, A) alwut the middle of the posterior wall of the 
connnon ventricle, and that it represented the septum inferius of His. This 
necessitated some modifications as to the difierent parts of the common 
vcTitricle as al)ove descril>ed. The small triangular fassa referred to as 
representing the right ventricle must now be regarded as the remains of 
the bulbus coi-dis (fig. 1, H), whilst the large left ventricle previously described 
constitutes the whole of the true ventricular part of the heart, including 
both right and left ventricular chambers, just as though the " pai-s mem- 
branacea septi " were enormously enlarged and perforated, leaving the 
veriest traces of an interventricular septum. 

These modifications, however, do not in the least alter the general 
conclusion one had arrived at as to the natin*e of the abnormal heart, 
which was, that tlic^ malformed heart is an example of transposition of the 
aorta and the puhnonary artery, together with almost complete absence of 
the interventricular septum, and with more or less absorption of the right 
ventricle into a single ventricle common to lx)th right and left ventricles. 

Profeasor Q. D. Thane was good enough to give me a reference to a case 
of a similar nature in a child aged 4| years.^ Other cases occurring in 
children are recorded by Dr Peacock.* 

Dr Peacock ^ refers to a case described by Tiedemann, 1808-10, of a boy 
who lived 11 years. In this case the heart was found to have two auricles 
and one ventricle, and from the latter cavity the aorta and pulmonary aiterj^ 
arose. The patient suflTered from the usual symptoms of morbus cceruleus. 

Similar malformations of the heart are not unfrequent in young 

> Chiari, H., '* Ueber ein Cor triloculare (nnnventriculare biatriatum) bei einen 4^ 
jtihrigen Kiiaben," GentraJblaU fur die mediciniscJien WistenschafUnj 1880, p. 186 ; also 
Jahrhurhf. KinderheilkundCf xiv. p. 219 ; and the Dvhlin Journal of Medical Science, 1881, 
vol. Ixxi. p. 384. 

' MalfonnatuyM of the Human Heari, London, 1866, 2nd edition, p. 21, ' Loe, cii.. 
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children, but it is not often that individuals possessing such malformation 
reach adult life. 

Professor Dixon Mann observes that the literature of cardiac malforma- 
tions reveals only a few instances in which the possessor of a " three- 
chambered heart " lived to adult life. The few cases recoi*ded are therefore 
of much interest, and these I briefly mention. 

Kreyzig^ records a case by Wolf of a man who died at the age of 
23 years, whose heart was found to contain two well-formed auricles and 
only one ventricle, from which two arteries took origin. 

Wittcke ^ found in the body of a man aged 24 years a heart with only 
one ventricle, with greatly thickened walls and without any interventricular 
septum. The vessels of the heart were in the normal position, the orifices 
being dilated. 

i)r Max Mann ' found complete failure of the interventricular septum, 
with stenosis of the pulmonary artery, in the case of a woman who lived 
22 years. In this case the aorta and the pulmonary artery were transposed. 

Durozier recoi'ds a case in which the patient lived for 39 years. I 
have not been able to obtain the original paper, but in the Index Catalogue 
the case is referred to in these words: — "Alisence de la paroi interven- 
triculaire; transposition de Taorte et de Tart^re pulmonaire; Taorte 
s'ouvi*ant dans le ventricule gauche ; retrccissement de I'art^re pulmonaire; 
deux sigmoides aortiques; absence de cyanose et de transposition des 
organes; homme de 39 ans. — J. d. Conn. niid. pi*at., Par. 1885."* 

When I described the specimen as being unique, I had not seen the recoi*d 
of Durozier's case ; but that the specimen is a rare one is beyond doubt. 

Dr Todd * says that " the heart with three cavities (tricoilia of Hunter), 
that is, containing two auricles and one ventricle, or that form of heart 
which belongs to the Batrachian reptiles, must l)e very rare, if indeed it 
ever occura." 

Professor J. M*Farland ® referring to cases in which the interventricular 
septum fails to develop and the heart remains similar to that of the 
Amphibians, with two auricles and one ventricle, concludes that ''such 
defects may not l)e incompatible with embryonal development, but life 
after birth is impossible, because of the inability of the individual to 
maintain its own circulation." 

* KrankheUen des Herzens, vol. iii. p. 200. 

' Arehtves gihi^les de m^decine^ 1828, vol. xxiii. p. 83. 
3 iKegUr's BeitrOge, 1889, B. vi., p. 485. 

* Index Catalogue of the Library of the tiurgeon-Generars Office, U.S. Army, 2nd series, 
vol. vi. p. 867. ' Oyclopfedia of Anatomy atid Physiology, 1836-39, vol. ii. p. 621. 

^ A Text-book of Pathology, 19(M, p. 394. 
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It ifl not cany to give an ade(iuate explanation either of the causes of 
the iiialforniatton or its results. The solution of tlu*.se problems appears to 
l)e beset with difKculties, but I would be inclined to lay stress on the trans- 
position of the aorta and the pulmonary artery. 

In Max Mann's case, that these vessels were transposed is iK)sitively 
affirmed. In Dixon Mann s wise this was not absolutely proved ; still, as 
already stated, the origins of the twc) coronary arteries of the heart from one 
trunk seem more than signiKcant as to the distinction between the aoi-ta and 
the pulmonary artery. It is true that occasionally a coronary artery arises 
from the pulmonary artery. St John Brooks records two such cases;* but 
I do not know of an instance in which both coronary arteries took origin 
from the same pulmonary trunk. 

It was perhaps a little unfortunate that one had not the opportunity of 
making perfectly sure of the identity of the two great emerging vessels of 
the heart, but I think that the significance of the origins of the coronary 
arteries in this wise is conclusive. The real difficulty, however, is, to explain 
how it happens that the aorta and the pulmonary artery are transpcjsed. 

Max Mann,' who gives a very full account of his case, suggests that the 
conus arteriosus was turned round to the ext<»nt of 180°. His exact words 
are as follows : — " Der git)flse Septum defect (d. h. das ganzliche Fehlen eines 
mittleren Septum) sowie die IJmstidlung dor gnjssen Oefosse ist die Folgo 
einer in frilher Zeit erfolgtcn ll<^clitsdrehung des Conus arteriosus um 180''." 

It is difficult to accept Max Mann s explanation of the transposition of 
the aorta and the pulmonary artery. Seeing that the bulbus cordis, from 
which both vessels are derived, is originally a tube continuous with the 
primitive heart tube, it seems unlikely that one part of the tube should be 
rotated to such an extent as is suggested, whilst the rest of the tube remains 
apparently stationary. 

In the early development of the heart, the asymmetrical growth of the 
ventricular jmrt of the heart produces a well-marked auriculo-ventricular 
bend. The bend under normal circumstances is invariably to the right side, 
and it results in a sharp auriculo-ventricular angle. A second bend, directed 
towards the left, between the bulbus cordis and the ventricle, the bulbo- 
ventricular l)end, in a similar way forms a sharp bul bo- ventricular angle. 

l)r Keith suggests that the essential error of development which leads 
to the transposition of the aorta and the pulmonary artery is tliat the 
auriculo-ventricular bend, instead of bending to the right, is bent towards 
the left side. This explanation seems adecpiate, and I think it affords the 
best explanation of the transposition. 

We have no right to assume that the initial change in these exception- 

1 Journal of AncUoiny and Phygiolofjy, 1886, vul. xx. p. 20. ' Loc, eit., p. 508. 
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ally rare anomalies of heart is a transposition of tlie aorta and the 
pulmonary artery ; but if it is assumed, the further anomalies which ensue 
admit of a simple explanation. 

In the specimen shown it is clear that, the transposed aorta arises from 
the right side of the conmion ventricle, through the bulbus coixlis ; and it is 
obvious that during fcetal life the arterialised blood fix>m the placenta 
passed successively through the right and left auricles, and was directed to 
the left paH of the common ventricle. It would then pass to the right part 
towards the aorta, in its course intermixing with the caval venous blood 
from the right auricle. The course of the main blood-stream would tend 
to interfere with the complete development of the interventricular septum, 
and so there would be no formation of right and left ventricular chambei-s. 

Another problem one would like to solve is why, with such intermixture 
of the caval and pulmonary blood-currents, there is no cyanosis. It is 
abundantly evident fi-om the anatomical characters of the heaii shown that 
there is nothing in its structural arrangements to prevent the free inter- 
mixture ; but clearly that intermixture does not necessarily cause cyanosis. 

Thei*e are many theories as to the causation of cyanosis. The specimen 
shown at least .proves that the question of intermixture is not the only 
factor. 

It is not necessary, from the anatomical stiindix)int, to pursue the matter 
further ; but my colleague, Professor Lorrain Smith, has been gooil enough 
to write me certain observations dealing with the causation of cyanosis; 
and since they will fittingly complete the somewhat crude remarks I have 
ventured to make in describing the unusual anomalies of this heart, I 
propose to add what Professor Lorrain Smith has written : — 

" A special interest attaches to this case when it is considered in relation 
to the conditions which give rise to cyanosis. In general, cyanosis is due 
to any cause which prevents due oxygenation of the blood. In the round 
of the circulation, in physiological conditions, the venous blood, as it 
returns to the lungs for aeration, still contains a considerable amount of 
oxygen. On the other hand, the blood of animals that have died from 
suffocation is found to be practically deprived of all its oxygen. The 
condition of cyanosis arises when the blood tis a whole contains a larger 
amount of deoxygenated blood than the normal circulating blood, and 
the degree of cyanosis vaiies witliin wide limits. It is impossible as yet 
to define these limits exactly. 

'' There has been a considerable amount of discussion on the question 
whether, in cases of congenital heaH disease, cyanosis should be ascribed 
to mixture of the arterial and venous currents, or to venous engorgement 
in an embarrassed circulation. The case under consideration has an im- 
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fjortant bearing on the generally accepted doctrine that the mixture of 
venous and arterial blood in a single ventricle is, of itself, insufficient to 
cause cyanosis. We may consider liow this conclusion can be applied to 
the case. 

" From observations on aniuials it has been found that the blood in the 
arteries contains al)out 20 vohniies per cent, of oxygen, and of this 10-12 
vohnnes remain when it is returned to the hoart by the veins. It has lost, 
therefore, about 9 volumes per cent. It would be easy to estimate the 
amount of oxygen contained in mixed blood, if we knew the relative 
amoimts of arterial and venous blood in the mixture. We are unable to 
ascertain, however, the ratio of the quantity of blood passing through the 
hmgs and entering the ventricle from the left auricle, to the quantity of 
venous blood entering the ventricle from the right auricle. That the 
quantity ptissing through the lungs was relatively large in this case seems 
probable from the large size of the pulmonary artery, and from the fact that 
where there is a single ventricle, as in this case, the pulmonary circulation is 
maintsiined by the same power as the systemic circulation. Here also, it 
should be noted, the wall of the ventricle was markedly hypertrophied. The 
larger the relative amount of the blood passing through the lungs, the less 
would be the deoxygenating effect of the mixing of the currents. That the 
relative volume of the blood passing through the lungs is an important 
element in these cases is clear, since, as Coats pointed out, in nearly all the 
cases of cyanosis of this type there is obstruction in the pulmonary artery. 
In such aises cyanosis might in part be due to the mixture of a small 
amount of oxygenated blood with a comparatively large amount of venous 
blood. 

" In this case it is noted that cyanosis was present towards the end of life, 
when he^irt-failure was apparent. Delay in the circulation from cardiac 
failure would render the venous blood more and more deprived of oxygen, 
and in this condition the mixing of the currents would contribute to the 
cyanosis. 

" From this case we learn something regarding the means by which the 
heart may still maintain an approximately normal circulation in spite of 
the absence of a ventricular septum. It seems doubtful if the sclerosis of 
the pulmonary valves seriously obstructed the current of blood passing to 
the lungs. 

" The mass of blood which was driven through the lungs at each contrac- 
tion of the ventricle would have much the same effect in causing hyper- 
trophy as the mass which regurgitates in aortic incompetence. The 
presence of obstruction in the pulmonary orifice would diminish rather than 
increase the need for hypertrophy." 
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NEW STUDIES ON THE FOLDING OF THE VISUAL CORTEX AND 
THE SIGNIFICANCE OF THE OCCIPITAL SULCI IN THE 
HUMAN BRAIN. By G. Elliot Smith, M.A., M.D.. Ch.M., F.R.S., 
Professor of AnaUmiy, The School of Medicine, Cairo. 

This is an absti*act of one section of a communication dealing with the 
mode of folding of the visual cortex in the Primates, read before the 
Anatomical Society of Great Britain and Ireland in Belfast on 1st June 
WOih The other suhjeclH connidcroil in that couniiunic^ition — ((/) the 
arrangement of the area striata in the Apes, Lemurs, and other Mammalia ; 
(b) the asymmetry of the occipital region of the cerebrum in Man and its 
effect upon the cranium ; and (c) the variations in the occipital sulci — are 
being published elsewhere as separate papers. 

This work is a sequel to that published in the Records of the Egyptian 
Oovemmeiit School of Medicine (1) two years ago. 

If a coronal section be made through the occipital region (about I 
centimetre behind the fossa parieto-occipitalis) of a peifcctly fresh human 
cerebral hemisphere — ^preferably the left hemisphere of a man (or woman) 
between the ages of thirty or forty years, examined within six hours 
after death— one can recognise (in most cases) with the unaided eye no 
less than eight strips of cortex each of which differs from the areas 
adjoining it in texture, coloration, the nature and uKxle of distribution of 
the intracortical matter, and, in some cases, also in thickness. If the brain 
be anaamic or that of a child or youth, it is impossible to recognise many 
of the distinctive features of the various regions. But in most cases the 
contrasts that are apparent to the naked Qy& in fresh sections of the brain 
of a uon-ansBmic adult are much more pronounced than those exhibited in 
sections stained by such a selective method as that of Weigei*t ; and the 
process of mapping out the areas is simpler and gives much more exactly 
defined boimdaries than can be obtained by the laborious reconstruction 
from serial sections stained by Nissls method. Not only ai-e the contrasts 
in the naked-eye method greater, but for other reasons the advantages of 
this pixjcedure /o7* a purely tiypographieal snrve'y are immeasurably 
greater than those of the alternative methods. In the process of mapping 
out any given area one can deal witli a large piece of brain, and by making 
incisions with a scalpel at right angles to its borders can trace its edge 
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exactly, however irregular its outline may be, while still retaining intact 
the actual tissue of the region to be mapped ; whereas by other methods 
not only must the area be cut up into sections, but in many of the slices 
the cortex will be cut so obliquely that it becomes impossible to determine 
the exact spot where the change in structure takes place. Much more 
important than this is the consideration that, by means of the macroscopic 
examination of fresh material, it is {XMsible to obtain results (at least as 
accurate, if not more so) from at least two hundred specimens in the same 
time that it takes to examine one by the histological method. In this 
field of investigation this is a factor of the utmost importance, because 
there is such a wide range of varial)ility that conclusions drawn from 
the study of one or even a dozen specimens, however complete the examina- 
tion may have been, are liable to mislead. The process of folding of such 
a plastic material as the cerebral cortex does not always occur with 
mathematical precision along definite lines or in reference to fixed 
anatomical landmarks, so that it is often necessary to examine a very large 
number of specimens before we are able to determine the causal relationship 
between a fuiTOw and the distribution of a cortical area. 

The accompanying diagram (fig. 1) of a coronal section through the 
occipital region is intended to represent the causal relationship that exists 
between a large series of sulci and the distribution of various loailised 
cortical areas: it is based U|)on the examination of nearly two hundred 
hcnn'sphores. Although it is rare to find in one specimen every furrow 
exhibiting such a definite relationship to the edges or the axes of the 
various areas as this diagram exhibits, such cases do occur. This drawing 
in fact represents an actual section, and is diagrannnatic only in the mode 
of roprosentation of the texture of the cortiuil areas. It is cmitc common 
for the edge of an area, such jis is n^iircstiiited in the diagram, Htr)pping 
exactly in the floor of a sulcus, to cross the bottom of the furrow into the 
other wall for a few millimetres, or in other cases to stop before it reaches 
the floor. But when we consider how plastic a material the cerebral cortex 
is and how complex are the factors that exert an influence on it during its 
expansion, the wonder is, not that the coincidence of a sulcus and the 
boundary line between two areas should not be mathenmtically exact in 
every case, but that it should ever occur; and especially that this exact 
relationship should be found so often. 

In these notes I shall not discuss the variations in the arrangement of 
sulci and the diflerent modes in which the cortex may be packed in 
difTerent brains. I shall devote a special memoir to the discussion of these 
matters : but in passing I may remark that the range of variation in the 
human occipital region is extraordinarily wide. At present I am simply 
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coucenied witli the conaidemtiuii oE the anatomical localisation of three 
cortical at-eaa in the occipital region and the causal relationuhip oE their 
distribution to a large seiics of sulci. 

In tliis section (Kg. 1) not only are both walls of the sulcus calcariniis 
(the posterior calcnrine Hsaure of Cunningham — the sulcus rctrocalcaiiuua 
(milii), deiiiicd us the "sulcus intrastriatns ineaialiu," (5)) formed entirely 
of area striata (i.e. cortex contaiuing the stria oE Gennari — the line of 
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^la. 1. — A (liaxnuii to rojmaeiit tlie distributioD uf tlic diiran 

Ecctioii tlir»ng)i till' left ]iemU|>liera of aii ICj^f|iti&a inun 
Tuaaa iMrietuocuijataliii. 

t. r., jMrtorlor cnmii urUicnl reiiliicle; i.cofa., ]iii>t<iiiDr c*tt»Fiii< (iilciit ; (.JtH'.iii)j. nr. i(r.,iHkiiu 
cuucl (1. Iluiltaiii iiii*iii>r tien lUlalat) ; i. tim. inf. or. dr., auliu* llutfiulli (•nluin IIiuIUm 
liilariur una itrlila)! (.|».. wIliu iMrunillaUralli ; i. uarwcc., lUlciu |iuiKdplul<* (hIcih 
lntn»rl«Uli)): t. inicf un., idIciu ocdpltalii UteralU ot Ibtntular ^. pralunUiu) ; luid/, 
■uldllmltante* trvt parinriBtn. 

Vicq d'Azyr), but part of the cuneus above it (see also fig. 2) and part of 
the lingual convolution below it ai-e also formed of area striata. The 
dorsal boundary oE the area striata in the cuneus is the furrow (tigs, t 
and 2, «. Uiii. mvp. ar. Mtr.), which Retzius (2, p. 137) liua called "sulcus 
sagittalis inferior cunci," a t«rm which might with iulvant«igc be shortened 
to sulcus cuuei. It is one of the two furrows which Wilder (6, p. 189) has 
called " inti-acuneai." In a previous memoir (5), I have defined this furrow 
OS the " sulcus limitans superior arete striata." 

The ventral boundary of the ai'ea striata in the lingual gyrus is the 
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furrow (fign. 1 and 2, h. Urn. inf. ar. H>:) wliich Kctzius has dtstiiiguislicd 
by the name "xtilciis sagittnlia gyri liiigualin." lu Bliortening tliis name 
to "aulcuR Hiigualis," 1 Rhnll at tlut natiic time define it as the sulcus 
lintilauH inferior arcni atrintiu. In tlie lingual gyrua there may bo two 
Hulci or only one: in the latter owe the furrow tnny l)e a sulcus limitans 
arete ntrititie or a auIciih limibiuK inferior anwe [HiroRtriatns (tig. I, s. jk., an<i 
^g- 2, 1. iMmctdUdeniliti). ItctziusH term docs not distinguish between 



Zf 



^' 



fiu. 2. — iJiaKmii to Utiistnto tlin diHtrilnition nflliocorticnlaiiwiuii tlioiuc 

of tho ocoijiilAl r^on •>( tTii' IcFt lieniiBplicre. 
Ths l<ru krn>*B Inilimti ttio plun ul tlia ■wtlon thovn In tin. 1. Th« am ■trliU li 
b) dot* ; the (K* parnatiUta Itj oronw : tha am perUtrlaU lij' clrolei. 

these two furrows, lu introducing tlic term " sulcus lingualis," I wish to 
give it more jH-ecisioii by applying it definiUily to the fonner sulcun, and 
shall call the liitter " sulcus parovol lateral is." 

If the sulci ciinci et lingnalis be traced Imckwai'd, it will be found that 
in many cases (fig. 2) these furrows each join a semicircular sulcus, which 
Bolt^m has called "polar" (7, p. I7l). Adopting this term, I shall dis- 
tinguish these tuiTowa as the sulci polaris suiierior et inferior respectively. 
The distinction between the cuneal and the ]>oiar furrows is one which is 
[HMiuliarly characteristic of the occipital region, 'ilie polar sulci belong to 
the same type as the sulci lunatus, occipitalis iufeiior, and sometimes the 
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paricto-occipitui foaaui the area atriata extends as far as tiie lip of all 
these fui'i'ows witliout entei-iiig into the formation of theii' walls; in the 
case of the cuneat and lingual sulci the ai'ea stnatA extends into the furrow 
and stops in its floor (fig. 1). The former type of snlciis may bo succinctly 
defined as " opercul&tus " and the latter as a " sulcus limitanB." The sulcus 
calcarinuH iKwterior belongs to yet a third group — axial furrows, formed 
by the infolding of one cortical area (fig. 1). 

The nvtia atriatu usually extends on to the lateral surface of tlio 
heuiisphure and is folded axialty to form the sulcus culcaiinus exteriius of 
Cunningham (Rg. 3, s. vale.), which I have defined in an earlier memoir 



(5) as the sulcus intraatriatus lateralis. In my earlier memoii-s I have 
called this furrow by various other names — "sulcus occipitalis lateralis" 
and "sulcus occipitalis superior," which I now definitely discaid in favour 
of Cunningham's tetin, " external calcarine," which so happily uuggests the 
exact analogy between this sulcus on the lateral aurfiico (fig. 8, n. mlv.) and 
the posterior calcarine on the mesial sui-face (fig. 2, n. atlc. pout.). The 
accessory intrastriatu sulci, which often surround the external calcarine 
sulcus, have boon omitted from this diagram (tig. 3) liucjtiiso they aru of no 
morphological impoiiance. When it hapj>ens that the V-shaiied accessory 
intrastiiuto sulcus, that is often present suri-ounding the uxteriuil calcarine, 
parallel to, Le. concentric with, the sulcus Inmitns, is placed around the 
edge of the area striata, the coincidence is fortuitous and has no causal 
relatiousliip ; for in moat cases where such a V-sliapcd sulcus is present the 
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area striata extendn beyond it and ceases eitlier exactly at or close to the 
caudal lip of the suIciih lunntua (lig. 3), 

The true ruIcus calctvrinus (tig. 2, «. mfc.) — the stem or anterior calcarine 
ftnnure of Cunningham — is a sulcus prieRtriatus, i.e. a sulcus limitanB 
anterior arete striatie in vui.'it human hrains. In other words, the area 
ntrintit forms its canda) (venfcml) wall only and stops in the floor of the 
sulcus. When the gyrus cun«i is i-enchcd, the ana striata crosses the floor 
of the furrow and extends exactly as far as the crest of the small gyrus: 
OS the latter rises to the surface of the cunens the edge of the area striata 



Fid. 4.— Tentnruil M|ieot of t)ie ume. 

continiKW U) maintain thisnnmo ivlationnhip. Tt occasionally hnp[)cnn that 
the area striaUi extends to the ciuidnl lip of the foHNA pari eto-oeci pi talis in 
the whole of tliis furrow's exUmt. In sucli eases the [uirieto-occipital fossa 
falls into the class of "sulci oiHirculati," whereas in most instances it is a 
complex funxjw of the class of "sulci limitaiitcs." 

The Area PABAsntrATA and its Limitinq Sulci. 
At the bottom of the sulci cunci et lingualis the cortex containing the 
stria (lennari comes to an abrupt end (tig. 1) and gives place to a cortical 
strip presenting very difTerent features, which I shall distinguish as the 
"area parastriata." Neither Bolton nor Oamphcll lias drawn any dis- 
tinction between this area and that which I shall next describe under the 
name " area jmristriata " : the two regions are included by them in the 
" psycho-visual area " of Bolton. 
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Brodmann (9), however, clearly distinguishes these two areas on the 
mesial surface of the hemisphere of a Geraypitheciia : but I cannot harmonise 
his map of the lateral distribution of these areas with my own results. 
The area parastriata is represented by Brodmann's " occipitaltypus " 
(typus 18), the histological features of which he has defined on page 190 
of his memoir (9) and represented in Tafel 9. He refera to a description 
of this area in the human brain by Oskar Vogt {Jmirrud f, Pttychologie 
nnd Neui'^logie, Bd. ii., Taf. 10, fig. 2), which is not accessible to me. 

In sections of the fresh human brain this cortical area is distinguished 
by the absence of any definite line of Baillarger, )>ut the inner half of the 
cortex is characterised by a diffuse paleness which merges into the general 
medullary mass of the hemisphere with only a very faintly marked and 
quite indefinite layer of grey matter intervening between them. 

It is limited above by the sulcus paraiiicHialis (figs. 1 luid 2, s. iht, 
jHiniTn.). This is the sulcus sagittalis superior cunei of Retzius (2. p. 137), 
but I retain my own term l)ecause it is more appropriate. The sulcus in 
question is often not in the cuneus but on the doi*sal surface of the hemi- 
sphere. It may be defined as the sulcus limitans superior arete para- 
striatce. 

There is sometimes a sulcus limitans inferior areie parastriatce in the 
gyrus lingualis, which I shall call "sulcus paracollateralis " (fig. I, H.pe., 
and fig. 2). 

Posteriorly the area parastriata is often buried in the polar sulci and 
laterally in the sulcus lunatus — although a small part of it may l)e exposed 
near the edge of this furrow (iig. «3). 

Anteriorly the edge of the area parastriata is buried in the fossa 
parieto-occipitalis, and the most caudal of the three furrows in this fassa — 
the sulcus paracalcarinus of my etirlier memoirs — becomes the sulcus 
limitans anterior arese parastriataa (fig. 2). 

The Akea Peristriata ano the Furrows related to it. 

Beyond the ring of parastriate area the diffuse paleness of the inner 
half of the cortex gives place to a definite band of Baillarger not (|uite so 
narmw or dense as the stria of (lennari but almost as distinct. Unlike the 
condition seen in the p(U*astriato cortex, tluii^c is a definite band of grey 
matter separating the intracortical white Ixind from the general medulla in 
this region, which I shall call " area peristriata." It seems to be identical 
with the region which Brodmann calls *' prfeoccipitaltypus" (typus 19) in 
the brain of Gercapithecus (9, p. 191). 

It is impossible to recognise from Campbell's account of the locality 
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from which his sample of " visuo-psychic " cortex was obtained whether it 
was jmra- or peri-striate, because " a section of the superior occipital gyrus, 
midway between the top of the parieto-occipital fissure and the posterior 
extremity of the hemisphere " (8, p. 812), or " 2 cm. anterior to the tip of the 
lobe " (p. 310), are quite inadequate as topographical directions, when it is 
recalled that the area striata may stop at the " tip of the lobe " or extend 
as much as 4 cm. beyond it. The histological features of his visuo-psychic 
area (plate xi., fig. 2) seem to resemble most those of my parastriate area. 

On the mesial surface of the hemisphere the area peristriata occupies 
the floor of the fossa parieto-occipital is, and extends as far as the anterior 
sulciis buried in that depression, which I have called sulcus limitans 
" prjecunei." So that this furrow might also be defined as the sulcus 
limitans anterior arene peristriatfB (fig. 2). 

When the paramesial sulcus is found on the mesial surface (fig. 2, «. occ, 
pa)v/»i ),a strip of peristriate cortex occupies the upper part of that surface, 
as well as the doi*sal edge of the hemisphere. Thence it extends as far 
outward as that portion of the intrapariettil sulcus of Turner which Wilder 
has called " paroccipital." As this is a natural sulxiivision of the large 
composite sulcus — intraparietal — and is genetically distinct from the 
remainder, it is convenient to use Wilder's term. The paroccipital may be 
defijied as the " sulcus limitans dorsalis arere peristriata3 " ; whereas the 
rest of the intraparietal is the limiting sulcus separating the two parietal 
lobules. 

It is interesting to oliserve that whereas the main stem (fig. 3, ft. 
ptrorc) and its mesial cephalic (fig. 3, a) and lateral caudal (d) branches 
are es.sential parts of the limiting furrow, the lateral cephalic (ft) and the 
mesial caudal (c) branches are morphologically unimportant furrows, being 
appar(*Jitly more kinks resulting from the mechanical coiHlitions inci<l<Mital 
to the bending of the cortex at these ixnnts. Like the mesial part (c) of 
the transverse occipital furrow (/?. occ, trai7^.), the incisura parieto-occipitalis 
IS also merely an indentation in the area peristriata, probably due to the 
mere mechanical inbending of the floor of the fossa parieto-occipitalis 
between its two limiting sulci. 

A considerable part of the area peristriata is often hidden under cover 
of the operculated caudal lip of the sulcus lunatus, but a process always 
stretches out toward the auditory centre (but without reaching it), and 
this usually becomes folded longitudinally to form an axial sulcus, which 
in former memoirs I have called the sulcus prmlunatus (fig. 3, «. irrcvlv/iu). 
This furrow usually ends anteriorly in a T-shaped piece (fig. 3, g and h\ 
the vertical part of which forms an anterior limiting sulcus of the area 
|)eristriata. Small additional limiting furrows (fig. 3, n and /) are often 
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found at the margins of the peristriate area. I have elsewhere (1, plate 
A, figa 2 and 8) published photographs of a brain almost exactly simihvr 
to that represented in the diagram (fig. 3). Tlie ventral limit of the 
peristriate cortex on the lateral side is the sulcus occipitalis inferior (tig. 8, 
8, occ. inf.), just as the sulcus collateralis forms its inferior boundary 
mesially (figs. 2 and 4). 

As there may in some cases be doubt as to the identity of the collateral 
sulcus (see on this subject Zuckerkandl, 3), I may state that the sulcus 
liniitans inferior areaa peristriatee mesialis is precisely that part of the 
furrow which indents the ventricular wall to form the eminentia collateralis. 

At the bottom of the paroccipital sulcus the area peristriata becomes 
continuous with the great parietal association area of Flechsig (fig. 1), and 
(m the tentorial surface in the floor of the collateral sulcus it becomes con- 
tinuous with the te]n)M)ral (or tomiMU'o-occipital) association area. Stretch- 
ing forwanl S4) as to separate the caudal ends of these two ai*eas, we find 
the process of peristriate cortex which becomes folded to form the prelunate 
sulcus. There can be little doubt that this ptitch of cortex is identical with 
the "area 12" of Flechsig, which he calls the "gyrus subangularis " (10). 

Nor can there be any (|uestion that the sulcus pra3lunatus is anything 
else than EbersttUler's "sulcus occipitalis lateralis." The latter term has 
been applied to various other totally distinct furrows. Zuckerkandl has 
justly criticised my error of confusing this furrow and the sulcus lunatus 
(4, p. 237), yet in the same memoir (4, fig. 7, p. 228) he himself has lal^elled 
the lower part of the sulcus lunatus " S. occipitalis lateralis " ; and in other 
memoirs he has applied the latter term to the sulcus occipitalis inferior in 
the apes (11, fig. 11, p. 47). To these two undoubted mistakes there is yet a 
third error in identification to be mentioned. I was misled by a statement 
made by Retzius (2, p. 136) into the belief that Cunningham regarded his 
external calcarine and Eberstaller's lateral occipittil sulci as identical, and 
used the latter term for the external calctirine in my p^irt of the Catalogue 
of the Bmins in the Museum of the Royal College of Surgeona I now 
recognise (as I have stated in previous publications) that I was quite 
unjustified in this belief. 

As there can be no question that the sulcus that I have called " prse- 
lunatus" is identical with El)erstaller's "occipitalis lateralis," the former 
term may be discarded. 
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KEPORT ON A CRANIUM WITH GREATLY REDUCE]! AND 
IRREQULAR DENTITION. By W. I* H. Duckworth, M.D., Sc.D. 

Ahokq recent additions to the oBteologica) section of the Anatomical 
Museum is part oi an adult male cranium from a student's set of bones, 
which was obtained by Dr K Barclay Smith. The chief feature of interest 
(c/. tig. 1) is the reduced number of the upper teeth (only tlie upper maxilla 




Via. 1.— Tracing from & pholognph ortliep>liitiDeu|>cct, tosliow the second ri^htjiremolBr tooth 
tL|i|iMring on the htrd [iklat*, and tha very snisll Boclieta for the two lateral Jncuor tseib. 

could I)e examined), the amallness of the palate, and the very ortliognathoiis 
profile of the skull, which is no donbt directly associated with the two 
preceding characters. The eharocteis of tlie teeth can only i>e inferre<i 
From the ap|)earaticc of their wHtkct^, CKcept in one instaiicG. The median 
incisors were of normal size, or even rather larger thau usual ; but the 
lateral incisors were both small, and in particular that on the right side 
must have been minute, for ita socket measures only 2 mm. in diameter 
(the right median incisor socket meaanring C mm.). The left lateral incisor 
socket mea.sure.s 3 nun. x S mm. 



(^raniiiiii with nrratly HcMliieod and Inogular Dentition 
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The canine teeth were present, and that on the left side was normal in 
size, but the right was abnormally small (socket 3*5 x(?) 5 mm.). Behind 
the canines, tin*ther irregularities (K5cur. 

Thus, on the right is a socket for a premolar of about the nornuil 
dimensions ; but, between this and the normally developed trijmrtite socket 




Fio. 2. — 'IVacing from a photograph of the base of the Rkull, to show the anomalous tuberolee 

on the anterior margin of the foramen magnum. 

of the first molar, the second premolar has been erupted on the surface of 
the hard palate, with its crown directed towards the mid-palatine line. 
This is the only t(K)th left in the skull, and it is well formed, and of course 
not worn down. No special remarks atta^ch to the first and second molar 
teeth, and no third molar was developed, although the subject was adult. 
On the left side, the first premolar tooth must have been lost during life, 
and its socket obliterated by absorption. Behind the space thus left is a 
large simple socket, probably occupied in life by a premolar tooth with the 
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two roots fused — and therefore degenerate. Behind this socket, the alveolar 
margin has been entirely destroyed by inflammatory processes (alveolar 
abscess), so that it is not possible to state what teeth, if ai)y, had ever l)een 
present here. Such are the main features of the dentition. 

For similar examples of teeth diverted to the palatine surface, reference 
may be made to Studien from the Anthropological Lalxyratary (Series I., 
p. 279), where I have recoi-ded comparable instances in European and 
Hindu skulls. 

The palate is very small ; both length and breadth are reduced, but more 
particularly the former dimension. The value of this (42 mm.) may be 
compared with the figures derived from Ave East Anglian skulls, the 
smallest of which provides a palate 50 mm. in length (Studies, etc., p. 2()5). 
The palatine breadth is not so notably reduced. 

The relatively small dimensions of the palate (length 42 nun., and breadth 
48 mm.) may be seen on comparing them with the length and breadth 
measurements of the cranium (viz. 180 mm. by 140 mm.), which is not 
far removed from the average in point of size. Two or three other points 
remain for notice. 

As is shown in fig. 2, there is a distinct median tubercle (8 nun. wide) 
on the anterior margin of the foramen magnum. This is quite distinct 
from a median unpaired pharyngeal tubercle found on the basi-occipital 
bone, but situated in advance of this marginal tubercle. The latter lies 
between two lateral tubercles, each of these being clearly a derivative of 
the corresponding occipital condyle. It is not common to find both median 
and lateral tubercles in the same skull.^ 

The sphenoidal spines are broad or spatulatc, and large. 1'he })ar- 
tition between the inferior petrosal sinus and the sigmoid sinus is com- 
pletely ossified on each side, and thus divides the jugular fossa into two 
compartments. 

^ Of,, inter alia^ Kolliuann, " Aiiatoiiiischei* Auzeiger,'' Ergiiiizungsheft 2uui xxvii. 
Band (1905) Verhand. der AniU, Ots. auf der Versamm. t/i Gmf^ pp. 231-2:)6. licferences 
to many records are pi-ovided. 



DKSCRirriON OF A HUMAN CIIANIUM FROM WALFLSCU BAY, 
S.W. AFRIOA. By W. L. H. Duckworth, M.D., Scl). 

PiioFESSott Macalister, having recently purchased for the Cambridge 
Museum a collection of crania from Madagascar and South Africa, placed 
in my linndH for examination the specimen which forms the subject of this 
note. The chief point of interest is tlie bilateral appearance known as 
" OS malare bipartitum." The condition has been recorded in crania from 
various parts of the world. The most recent examples I have seen were 
crania of a Korean and a Magyar respectively, shown to me in Berlin by 
Profcssoi* von Luschan. The anomaly is fully dealt with by Professor 
Ledouble in Lefi variationH den oh de la fm^.e. 

The cram'um, which is small, Ixmrs the following marks: " Walfisch Bay, 
J. J. Chovcrly, R.M. vii. 05 (30)." The skull seems to be that of a small 
adult native woman. In point of size it is similar to crania of i3ush natives 
of South Africa, and even smaller than some Bush crania in the Cambridge 
Collection. It is nearly perfect, and has been bleached by exposure : only 
the hift zygomatic arch is itnperfect, and haitlly any teeth remain, having 
probably fallen out, since the sockets in most cases persist. 

In norma verticalis the form is rhomboidal, clasely resembling the 
contour of a Tasmanian skull in the Cambridge Collection. The temporal 
ridges do not, however, rise very high on the skull, never approaching each 
other nearer than lOG mm. Very deep gr(K)ves mark the course formerly 
tuken by the branches of the supra-orbitnl nerve on the upper part of the 
l(»rt frontal lM>n(» : tlu»se grooves ai'e much less distinct on the right side. 
They are very common in crania of African negroes (especially the Bantu 
race), and occur in Bush crain'a. The cranial sutures are finely serrated, and 
syno-stoHiH ha,s set in near the obelion and alK)ut 20 nnn. behind the bregma, 
in the sagittal suture. 

In norma lateralis there is distinct but moderate prognathism, in spite 
of the value obtained for the alveolar index. The nasal bones and nasal 
processes of the superior maxilla are not prominent, but yet are not so 
flattened as in many African negro crania. The alveolar margin of the 
maxilla projects, but is not massive. The brow ridges are but feebly 
develope<l (this is, of course, a feminine character): the forehead has the 
distinct Africivn negroid prominence al)ove the ophryon. The occiput 
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bulges slightly: there is no definite external occipital protuberance. In 
fact^ the occipital end of the cranium is distinctly feminine in its con- 
formation. 

The mastoid processes are small, as are also the conoid processes. The 
squamosals do not rise high on the lateral wall of the cranium, but their 
upper margins are distinctly notched where crossed by the temporal crest. 




Fiti. 1. —Right Bide of the skull from Walfisoh Bay. x is the lower jMirt of the 

bipartite malar bone. 



The malar bones are very striking, for they present the double form 
which constitutes the commonest anomaly of these bones. The lower 
component has, however, joined the superior maxilla, which therefore 
appears (cf. figs. 1 and 2, x and x') to run along the zygoma below the 
malar bone and to support it, forming an infra-jugal arch. On the right 
side this fusion (of part of the malar with the superior maxilla) is incom- 
plete, and leaves a small fragment of malar touching the remainder of the 
malar above, and articulating with the maxilla in front and the t^^mporal 
behind (ef, fig. 1, .r). 



Human Cranium from Walfisch Bay, S.W. Africa 
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The ali-sphenoid Bcndn a t^)ngue-like process some distance along the 
upper border oF the Hquamosal : but on each side of the pterion the parietal 
and sphenoid bones join, and separate the frontal and temporal bones. 

In norma facialis the face a])pears infantile or feminine. No specially 




Fin. 2.— Left side of the skull from Wftlfiach Bay. x' is the lower |»art of the bi{)artite 

inalsr bone, here united with the superior nisxilln. 

unusual features are observed in or about the orbital cavity. The nasal 
bones are flattened and the nasal aperture is pyriform, with margins tliat 
iKJComc less sharp towards the small, sharp nasal spine, but which never 
become entirely obliterated. In this norma, the cranial vault behind the 
bregma is seen to be distinctly scaphoid or carinate. 

In norma ba^ilaris the palate is seen to be small, but broad; the 
palatine sutures are regular, and the post-palatine spine distinct. Portions 
of three teeth in the upper jaw remain, viz. the first right upper molar 
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tooth, and the two left upper premolars. They are much worn, but white 
and clean. Signs of alveolar abscesses are, however/ very distinct. 

The glenoid fosso) are moderately deep. The petrous lx)ne enci-oaches 
on the anterior lacerate foramen, so that the latter is very small, and the 
carotid canal is thus fully closed below. The styloid processes are very 
short, and the tympanic bones are not large, so the external auditory meatus 
is consequently very shallow. The occipital condyles are very small and 
not greatly elongated in the sagittal direction. The paracondylar processes 
are piuctically non-existent. 

The mandible is very peculiar. The angle is very large, and this feature, 
combined with a shallow sigmoid notch, gives this small mandible a very 
infantile appearance. The chin is, however, distinct, though not so prominent 
as in European mandibles. No teeth remain, but thei-e are very clear signs 
that the molars on each side wore affected by alveolar abscesses. 

The right side of the mandible presents a remarkable appearance, for 
the bone is defective at the angle, part seeming to have been removed. 
The remaining bone is quite smooth, so that, if the condition is the sequel 
to an accident, no extensive inHannnation and no widespread necrosis 
occurred at the time. It might I)e thought that the condition is due to a 
defect in development, the "angular'' centre of ossitication l)eing al)sent on 
this side. But examination of the specimen leads me to conclude that 
traumatic causes (and not defective ossification) are responsible. 

Apart from the anomalous condition of the malar bones and zygomatic 
arches, the small size of the skull suggests a comparison with the female 
Bush cranium. In point of size there is little or no difference; but the 
conformation of the face in the Walfisch Bay specimen shows clearly that it 
is not like the ordinary Bush skull ; for the face is too prognathous, and, 
in particular, the nasal bones and maxilhe are not so flattened, nor is the 
forehead so high, as in normal Bush skulls, whether male or female. It is 
cunous, however, to remark that in these very points (as well as in its small 
dimensions) the Walfiscli Bay skull is closely approached by the skull of a 
skeleton in the Cambridge Collection labelled " Bushwoman." The latter 
skeleton and a male skeleton of similar pygmy stature (marked " Bushman ") 
were purchased very many years ago for the Anatomical School, and appear 
in the old Catalogue as having lx3en bought in Paris from a certain M. 
Dumoutier. In neither of these two skeletons is the cranium typically Bush 
in its conformation, and doubts have long Ijeen cast on the accuracy of the 
designation. For the present, I incline to believe that they and the Walfisch 
Bay specimen are representatives of races inhabiting South- West Africa 
(such as the Hill-Damaras), and only remotely allied to the true Bush race. 

The principal dimensions of the Walfisch Bay skull are appended. 
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Measurements of Skull (in millimetres). 
A small (probably female) skull from Walfisch Btvy, S.W. Africa. 
Cranial portion: 



Maximum length . . . . 


1G9 


Glabello-occipital length . 


168 


Maximum breadth . . . . 


131 


Basi-bregmatic height 


122 


Horizontal circumference . 


483 


Auricular height . . . . 


111 


Facial poriion : 




Basi-nasjU length . . . . 


93 


Basi -alveolar length . . . . 


93 


Nn^i-alveolar length 


52 


Bi-zygomatic breadth 


. 116 


Orbitnl height 


31 


Orbital width 


36-5 


Nasal height 


41 


Nasal width 


24-5 


Ivdices : 




Cephalic 


77-51 


Altitudinal 


7219 


Alveolar 


100-00 


Facial (Kollmanns) . . . . 


4483 


Orbital 


84-93 


Nasal 


59-75 


Intercondylar line to mental symphy 


sis . 99 


Corono-condylar length . 


43-5 


Height of coronoid process (left) 


42 



SOME RARE ABNORMALITIES IN TEETH. By W. Ramsay 

Smith, D.Sc, M.B., CM., Adelaide, S.A. 

When making inquiries into the dentition of Australian aboriginals and 
South Sea Islanders, I took occasion to show some interesting teeth to 
Professor Watson, of the Adelaide University, and Mr Crank, D.M.D. In 
the course of our examination, Dr Crank produced several teeth which 
I had asked him to present to odontological collections; and Professor 
Watson thought it was a pity they should go undescribed, seeing that 
they presented some very rare abnormalities, and he made me promise 
to prepare a description for publication. The following is the result. 

No. 923.^ — Fusion of two upper central incisors, from a boy 8 years 
old. These grew on the right side of the mouth, in the place where the 
lateral incisor and canine should be. They made the lower lip so sore 
that he had to hold it out when eating. 

The mass measures 28 mm. in length and 18 mm. in greivtost width. 
The roots are nearly equal in size; but the right crown in larger than 
the left. The large, single, constricted pulp-cavity is surrounded by a thin 
tube of dentine. The vertical ridge on the front (fig. 1) l)elongs to the 
right tooth ; the line of demarcation between the teeth passes downwaixls 
on its left, and makes a notch on the lx)rder at a disttince of 5 mm. from 
one border and 8 mm. from the other. On the cutting edge of the left 
tooth there are five small pits, and on the edge of the right there are ten. 
The posterior surface of the mass (fig. 2) shows gi*eat gi'owth of the cingules 
of both, which gives rise to very deep vertical pits. 

The point of greatest interest here is the small amount of separation 
to be observed in the case of central incisors, which grow in separate) bones. 
Fusion to an equal extent to this is figured by Tomes (fig. 8) in the Ciise 
of central and lateral incisors in tlie upper jaw {Deiihd Surgefry, 8rd ed., 
p. 129). Tomes has also figured a ciihc (fig. 4) of fusion of two upper 
central incisoi-s by their crowns, and a relatively Hiiiall |K>rtion of their 
roots, the greater bulk of the roots being distinct (Dentid Sutye't\ij, 8i-d ed., 
p. 128). There appearn, however, to lie no recorded instance of such fusion 
as I now describe. 

No. 850. — Two lower canines with double roots. The first (figs. 5, 6) 

* Tlie numbers refer to the catalogue of luy beri&i of pathological speciiuens. 
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measures 25 mm. in len^li, ftiid 9 ram. hi greatest width. It shows 
complete bifurcation of tlie root for a distance of 7 mm. The double 
nature of the root is shown by well-marked grooving, continued on each 
side Uj) to the level of the neck. The mote are nearly equal in size. 
Un the crown the labia) stanchions, four or live in number, are well 
marked. Otherwine the crown is normal, llie second (figs. 7, 8) also 
measures 25 nnii. in length and f) mtn. in greatest width. The root is 




Kio. 1. Fill. B. Kin. 0. 

bitmcaUstl for a distAnce of 7 mm. The interesting point in connection 
with this HiK-ciineti is that the two i-oots are unequal. The buccal i-oot is 
the iiiniii one, and it shows grooving whicii divides it roughly into two. 
The labial root looks like an adventitious i-oot that haa become fused in 
its upper part to the inner surfiue of the otherwise normal and gi-ooved 
root of the canine, the grooving Ijeing distinct up to the enamel. On the 
ci-own are three well-marked stanchions. 

No. 924. — A gfyod example of " concrescence " of teeth is afforded by 
the first up])er left molar, with the second molar nearly i-evei-sed (fig. 9), 
the two beiitg firmly fixed together by their i-oots. Both teeth are of 
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large size, and each haa three roota The angle enclosed by the long 
axes of the teeth is about 140°. Hyperceinentoais is well marked in 
connection with botli teetlt 'Die plienoinenon of concrescence seems to 
be )ea6 common between the first and second molars tlian between the 
second and third molara The case figured by Burchard (Dental Patholi>gy 
and Therapeutics, 2iid ed., p. 224), of second and third molni-s, shows 
roughly an angle of 90°, Tomes {Dental Surgery, 3rd ed., p. 130) shows 
drawings of a case where tlio angle was abont 50°, and another (p. 237) 




Q 




where the wisdom (fig. 10) woh completely inverted atid embraced within 
the roots of the second molar. Dr Cryer, in 7'lie American Text-bftok of 
Operative Dentistry, p. S!)3, figures six caaes of this condition, without 
stating what the teeth are. 

No. 925 is an upper left wisdom of a male 38 years old. It 
possesses four roots, but it has other charactcra that are of much greater 
interest. On the lingual margin of the crown there are two small enamel 
tubercles (fig. 11), and from the enamel of the crown un enamel ridge runs 
upwards to end at the bifurcation of the roots in a line with one of the 
tubercles. 
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This condition is of interest in connection with another tooth, No, 926. 
The Curator of tlie Muneutit at Nomiiea, New Caledonia, was good enough 
to allow me to examine certain native necklavcH made of Kanaka teeth, and 
to take what I wantetl. I inspected 8e\'ei-nl hundred teeth, and took one 
specimen. It cxhihtts a little pearl-like enamel tumour at the junction of 
a labial with a lingual i-oot (fig. 12). A Hi)ecimen of tliio sort is tigui-ed by 
Bui-chard (DevtM Pathofrxjij and TlifiiipfiiUicH, 2nd cd., p. 226). He saya: 



" A aniall nodulo or cap of enamel overlying dentine, and itself overUpped 
at the edges by cementum, may be found upon the root of a molar, usually 
uiKin the side of an upper third molar at a tioint about J inch from the 
cervical margin of the crown enamel, A thin ridge of enamel sometimes, 
thnngh not usually, seen connecting them indicates the nodule to have l)een 
formed by a detached portion of the original enamel organ. This forma- 
tion is known as an enamel nodule. It may occur upon a lower tiiolar, 
though usually found upon the upper molars" (tig. 13). 

Mr S. J. A. Salter, in A Synti^n of Surrfry, Holmes and Hulke, vol. ii. 
p. 461, figures an instance (fig. 14) which he describes as a characteristic 
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specimen. He refera to his description of these growths in Ouys Hi^sidtal 
Reparts, 1869. He says that these enamel nodules, forming little {HuirMike 
tumoui-s, are essentially Hidynietyed otcspa, each consisting of a little cone of 
dentine, covered by a thick tubercle of enamel, which is clothed by a true 
enamel-pulp. 

It will be seen that in all three instances the tumour occurs l)etween 
the labial and the lingual roots, and also that in all three a ridge of enamel 
nins from the tumour to the crown. The Kanaka tooth, however, shows an 
additional feature of interest, viz. a small cusp at the margin of the crown, 
and a smaller one near it which is situated at the extremity of the enamel 
ridge running from the enamel tumour. The tumour is iilso at a much 
greater distance from the crown than in either of the two other specimens. 
This tooth is of great interest in connection with Salter's theory of sub- 
merged cusps. 

The subject from which the Kanaka tooth had been taken appeal's to 
have been a young one, since the three roots are incomplete and show the 
" persistent pulp " structure. 

No. 927 (fig. 15) is an upper left wisdom from a male 19 years old. The 
condition of two of the roots is one of appositicm, not fusion. The riK>t 
most bent is grooved and slightly forked at its extremity, and the tips of 
all the fangs consist of very dense dentine and cementum. 

Nos. 928, 929, and 930 are two upper canines and a left first bicuspid 
from a male 65 years old (figs. 16, 17, 18). They show long, thick, peg- 
like roots. 

No. 931 is a lower right first molar from a boy 12 years old. The 
amount of grooving exhibited (fig. 19) suggests five roots. 

No. 932 is a lower left wisdom from a girl 16 years old. It is remark- 
able for the association of a large number of cusps with a single long, {leg- 
like, bent root (Kg. 20). 

No. 933 is a lower right second bicuspid from a subject 14 yeai-s old. 
The amount of grooving exhibited suggests four roots (iig. 21). 

With the exception of the Kanaka s tooth, all these specimens are from 
white people, and most of them were given me by Mr Mallan and Mr 
Maughan, dentists, of Adelaide, to whom I feel much indebted for the 
opportunity of describing. such interesting abnormalities. 



NOTES ON A PREHISTORIC SKELETON FOUND IN A CAVE IN 
I.irroNDALK, YORKSHIRE. By C. A. Hill, Esq., B.A., M.B.. 
B.C. (Caiiib.), Liverpool, 

In October 1906, the uieinbei-a of the Yorkshire Ramblers' Club, whilst 
exploring a cave in the limestone scars of Littoudale, one of the upper 
branches of Wharfedale, found, scattered along the floor of the cavern, 
three bones, which, on inspection, were pronounced to be human. Many- 
caves in Yorkshire and elsewhere have yielded animal remains, such as 
the bones of the hyena, the rhinoceros, the bear, and the wolf ; but human 
remains havn ntiver Imjcu ffmnd Inifore in such a situation. One of the 
party, who is a medical student, hapiKjned to be staying in the neighbour- 
IkxkI, and had his curiosity so whetted by this unique discovery that he 
resolved to re-enter the cave and search for more of the skeleton. He was 
rewarded by finding a considerable number of bones, including the skull, 
many of them being almost completely embedded in stalagmite, necessitat- 
ing very can^ful extnu'Xiiin. On hearing of this find during the winter, 
I determined to prosecute a further search, and, with this intention, have 
visited the cave on three occasions during the present year. I have been 
successful in adding considerably to the number of bones, but the skeleton 
is as yet incomplete. (A complete list, with measurements, is appended.) 
All these lK)n(us are of a dark brown shade*, more jwirticularly the portions 
which were cxjxwed, and were so coloured by the action of the peaty water 
which flows through the cave in small (piantity. This, combined with the 
action of the carlxMiate of lime in which most of them were buried, has 
undoubtedly acted as a preservative. 

The annexed plan (fig. 1) shows the extent of the cave, so far as it has 
been explored and surveyed up to the present. I will now give a brief 
account of its physical cliaracteristics. The distance from the entrance to 
the part where the bones were found is 240 yards. The entrance itself is 
lofty, being 7 feet high and 15 feet broad, so that one can walk in comfort. 
In times of flood, a small stream issues from the cavern's mouth, and, 
by a series of cascades, finds its way to the river Skirfare below. Having 
traversed the first and loftiest portion of the cave, the passage, about 
75 yards from the entrance, expands into a small chamber, on the left- 
hand side of which an opening is seen underneath a low ledge of rock. 
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the main passage continuing to the right. The left branch is entered by 
crawling under the ledge, barely 18 inches high, through a pool of water 
covering a bank of mud In a few yards the roof rises, and one can again 
walk upright. Proceeding onward, the roof gradually becomes lower and 
lower, until progress is only possible by crawling through the thin stream 
that trickles along the floor. At the point wiiere the bones were found, 
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Pio. 1. 

the roof is between 20 and 24 inches in height, from which, on the 
occasion of the first exploration, depended a regular forest of stalactites, 
many of which had to be broken off' to afford a passage. Judging 
by their length and size, some of these must have taken centuries to 
form, so that it is clear this ptirt of tlie cave has lain undisturbed for 
hundreds of years, and that the l)ones got into the position in which 
they were found before the stalactites were formed. All the bones belong 
to one person. 

The main passage to the right has been followed to a point over a 
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quarter of a mile from the entrance, but has revealed notliing of interest. 
That the cave was ever used for burial pui-poses has not been borne out by 
any further discovery ; wliilst the fact that the remains were found so far 
from the entrance negatives the idea that the body was buried there in the 
normal course of events. As will be stated later, the remains have been 
identified as those of a woinati belonging to the Bronze Age. Now, it is 
known that the |moj)le of this period disposed of their dead by cremation 
and not by burial, except in the case of their chiefs (being men), who were 
laid in stone cists under tumuli. Again, the examination of the skull has 
revealed the presence of a jagged hole just above the right mastoid process, 
which might have been caused by some rude weapon, such as a stone axe 
or spear. A wound of such a nature would not be immediately fatal, so 
that I have conjectured the history to be possibly this : that this woman, 
under the stress of some strong emotion, such aa fear of a recent and pur- 
suing assailant, entered the cave to hide herself, and, crawling to its inner- 
most rcceflses, there succumbed either to her injuries or to starvation. Such 
a conjecture at any rate offers a possible explanation of the position in 
which the bones were found. 

From a consideration of the measurements and condition of the skull 
and other bones the following conclusions have been arrived at: — The 
skeletcm is that of a wonuui, whose height was about 5 feet 3 inches. 
The skull is of the brachy cephalic or broad-headed type. It is probable 
that she lived towards the termination of the Bnmze Age, although, as the 
ivuli«»r ViWA)H pc^rsistod for a long tiuHi in the Craven Highlands, it is possible 
that she can be ascribed only to the end of the Roman occupation of Britain. 
At any rate, the period when she lived must l)c conjectured as being some- 
where iKitween 1500 and 2000 years ago. Against this statement that she 
belonge^I to the Bronze Age is the fact that no bronze ornaments have been 
found in association with the skeleton ; this may be accounted for by their 
having corroded away by the actica of the water, or being buried in the 
stalagmite which covera the floor of the cave. The general appearance of 
the skull is compatible with this theory, which is also strengthened by the 
shape of the femur, more particularly in its upper part This is so peculiar, 
and corresponds so clasely with that of other prehistoric bones found else- 
where, that I think the anticpiity of the skeleton is indubitable. 



The Skull. (Fig. 2.) 

Measurenienfs. — Length, 168 mm.; breadth, 138 mm.; height, 129 mm.; 
cephalic index, 82; vertical index, 76; cubical capacity, 1420 c.c. ; 
mesocephalic. 

VOL. XLl. (THIRD 8KR. VOL. H.)— APRIL 1907, 17 
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The average cubic{il capacity of the modem Eui-opean female b 1378 c.c. 

From iUt genei-al appearance tlie Hkull is obviously female ; the mastoid 
processes are small, whilat the frontal sinuses und superciliary ridges are 
diminutive and project but little. One noticeable feature is the condition 
of the teeth. Tlieae are all present in the upper jaw, with the exception of 
the two back molars, which evidently tell out subsequent t«> death. Tlie 
lower jaw has unfortunately not yet been found. All the teeth show signs 
of considerable attrition, being worn flat, with the loss of the enamel in the 



molars; this condition hou probably been caused by eating com gi-ound 
between grit-stonea, the grit Itoiug left in the flour. Many of tlieae gi-it- 
stone querns or grindstones have been found in the Craven Highlands. 
The dental margin ia suddle-shaped, and the palate high-arched and con- 
ti'Hcted. The front teeth project forwanl prominiiiilly, anil the set of the 
nasal bones is almost at right anglett to the face; uo that, judged by our 
standards, her appearance would not lie attiiictive. The forehead would bo 
very low. The nasal septum is deflected to the right, and there is conse- 
quently marked hypertrophy of the left turbinal. 

The age of the woman may be deduced within definite limits by a 
consideration of the condition of certain of the crania! suturea Thus the 
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junction of the basi-occipital witli the npheuoid is obliteroted, and there- 
fore lier age waa over twenty -four ; but aa the interparietal or sagittal 
suture hIiows no Hign of connnencing obliteration, her age was certainly 
ntider forty-five. But the wtini coiitJition of the back teeth would indicate 
that the latter period of life is the more pi-olwble, so that we must take it 
that her age wfts somewhere alxtut forty, or even possibly younger, an the 
incisors aw but little worn away. 

•lust above the right mastoid process (lig. 3) there is a small irregularly 
shaped hole pcnotrnting the outer table of the skull only. When the skull 
waa tii-st fouud, all the right side was covered by a thick layer of adherent 



stitlagiiiili\ whose i-oinoviil wtw a work of some ditliculty. In iloing this 
till! fjifrtm of the hole have Ihh^u sera|KHl, no that it now iHurH a somewhat 
artificial appearance. In my opinion, however, this hole was anttwiiortem 
and not postmortem, as I fail to see how it couM have been brought alwut 
since death, considering the situation whei-ein the skeleton hiw hviu for no 
long ft [jerifKl. 

The Femur (Left). (Fig. 4.) 
Tliis (tone is ipiite perfect and is but little stained with peat. When 
discovered, it was deeply embedded in stalagmite, only a small portion of 
the lower end being visible. That it belongs to the female sex may be 
deduced from two facts: firstly, the angle of the neck approaches more 
nearly a right angle than an obtuse ; and secondly, when held upright on a 
fiftt surface, the extreme degree of obliquity wliich the l>onc presontfl in 
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order to allow for the increase in widtli of the pelvis. The linea aspci-a 
is very prominent, and all the other inascnhir attuchnieiito arc stron^^ly 
marked. The shaft of the bone, especially in the upper part, is unusnally 
flattened, and locks ite wonted eyliodrical shape, while the lower poHiou ia 
also somewhat expanded. The popliteal triangle is remarkably smooth and 
sharply defined. The adductor tubercle is protninont. 

The shape of the shaft seems to correspond closely with that of one 



described in Boyd Bawkins' Oave Huiiting (p. 172), wliicli caino from tlie 
aopnichral cave at I'erthi-ChwarcM. f )f this latter, the chief iwculiarity was 
the compi-ession of the shaft in the upper pai-t. 

Another point of iiitei-est almnt this femur is that it is in the condition 
known OS "pila^tcrod." If it be laid Hat on a plane nnrfocc alongside a 
modern femur, it is at once apparent that the forward convexity of the 
shaft is increased, whilst the backward concavity is exaggerated. The bone 
is a flanged pillar having its Bolid " i-ib," the linea aspera, on the concave 
or compression side, and itfl wide front on the convex or tension side. 

The length of the Ikhic is IfiS inches, or 420 mm,, whilst the least cir- 
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euuiference of the shaft is 325 inches, or 82 nun. ; so that the perinietral 

. , least circumference wv/x • *>^i- mi • i i • j c 

index, i.r. — --. — ,r X 100, is 17*5. The perinietral index or a 

lengtli ^ 

modern femur seleck»d at random as a control proved t(3 Ihj 101. 



Tjie Twmm anj) Fimu.M. 

Of the l)ones forming tlie lower part of the legs, both the tibi» and the 
fihulm are present, though the patellns are missing. The former offer 
several features of great interest. Both are deeply stained with peat, and, 
save for a fracture acrass the middle of the shaft of the right one, are in 
good condition. 

The left tibia, which is the more perfect of the two, measures in length 
14 inches, or 355 mm., the measurement being taken from the summit of 
the spinous pr<K',ess to the point of the internal malleolus; this would give 
her height as 5 feet 3 inches, the tibia of Europeans Ix^ing about 22' 1 per 
cent, of the stiiture. 

The sex is again indicated by the shape of the bone, which has a slight 
obli(|uc direction downwai-ds and outwai-ds, in oixler to compensate for the 
obli<juc direction of the femur inwards, caused by the increased width of 
the pelvis. 

Aasociated with a " pilastered *' femur, one would naturally expect to 
find the tibiaj to be " platycnemic," and to show a diminished degi-ee of 
Un-sion of the shaft, and such indeed is the case. Both tibiae are markedlj' 
platycnemic; i.r. they present a flattening or lateral compression of the 
shaft; tlie oblique ridge is prominent behind, giving to the bone a two- 
edged appearance. This condition of platycnemia is commonly met with in 
prehistoric til>ift3, and is to l)o found in primitive races existing at the 
present day, such as the Bush races of South Africa. The explanation 
which luw been offered for this particular shape of bone — one which 
is also met with in the anthropoid apes — is a connection with the 
greater freedom of motion and general adaptability of the toes and 
feet enjoyed by those people whose lower limbs have not Ixjeii subjected 
to the confinement of shoes and other coverings, and who, at the same 
time, have l)een compelled to lead an active existence in a rude, rugged, or 
mountainous country, where the exigencies of the chase would demand 
the utmost agility in climbing, and otherwise. 

Another point of interest in the shape of the bones, connected with the 
habits of these early races, is the formation of the external condyle. On 
comparison with a modern tibia, it is found to be much more convex and 
prominent, whilst the articular surface for the condyle of the femur is 
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more deeply notched. This convexity is evidently connected with the 
frequent strong flexure of the knee-joint, such as <xx:ui*s in the attitude 
of squatting. This position of the body also causes a strong flexion of 
tlie feet at the ankle-joint, and brings about an articulation between the 
astragalus and the tip of the intenial malleolus, which shows itself by 
the formation of an articular facet on the neck of the astragalus. This 
particular astragalo-tibial articulation rarely occurs in the higher races ; but 
parallel nuxlifications of both the upper and lower ends of the tibia occur 
in the anthropoids and among the lower apes. 

The length of the left tibia, as already stated, is 14 inches, whilst the 
least circumference is 2'75 inches, so that the perimetral index is 19'6. 

The latitudinal index, a flgure expressing the i*eIationship that the 
transverse diameter of tlie shaft Initirs to the antcro-|)OHUu'ior, Uikcn at 
the ]K)int where the i)oplitenl line termiiiatcis at the inner liorder of the 
bone, is found to be 04 (A. P. |, T. 1 in.). This index is employed to 
indicate the actual amount of compression or flattening of the shaft as 
compared with the normal form, which may be taken for the ordinary 
English tibial as 73. 

The flbulae, both of which are broken (the left in five pieces), do not 
call for any detailed description. 

Other Bones. 

Right CUtvich. — In the female this bone is less curved, more slender, 
and smoother, while the ridges for muscular attachment are but faintly 
marked. This clavicle obviously is female. 

It measures 5^ inches, or 140 mm., in length, and is stained black. 

Left Humerus. — This lx)ne is quite perfect, and is also deeply stained. 
The muscular attachments are but poorly marked, so that the shaft is re- 
markably smooth. There is no sign of any perforation in the olecranon 
fossa, nor is there a supra-condyloid process. 

It measures in length 12 J inches, or 316 mm. Now, the average length 
of the adult female humerus is 320 nmi., and that of the male 355 mm., so 
that this humerus is about the normal length for a woman. Its proportion 
to the stature averages I{)i) \mr cent, in liluropean females, so that from 
that btisis her height was (i2'H inches, practically 63 inches, or 5 feet 
3 inches — a figure identical with that obtained from the tibia. 

The least circumference is 2*25 inches, giving a perimetral index of 18. 

Hiijht Riulius, — This is the only one of the bones of the fore-arm which 
is perfect It is stained deep black like the others, and has ill-defined 
muscular attachments. 
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It measures in length 9 inches, or 230 mm. The average female radius 
measuroH 220 mm., and the male 250 nnn., so that this one is rather above 
the average length. Jt« i)ro|K)rtion to the stature is stated to be 14*3 per 
cent., so tliat her height, as calculated on that basis, would be 62*9 inches, 
practically 63 inches, or 5 feet 3 inches, as before. 

C/oncerning the rest of th<* skeleton there is nothing special to be noted. 





Kic:. r>. 



Conclusion. 



In conclusion, then, from a consideration of the general configuration of 
the skeleton, more especially the leg-lxnies, we are led to the probability 
that this woman l)elonged to a race of people who depended for their liveli- 
hood ujxjii their agility in the chase, and for their safety upon their swift- 
ness in evading their enemies; that, with their prehensile feet and active 
limbs, unencumlxjred with clothing, they were able to travel rapidly and 
easily over rough and mount/iinous countiy ; that their habitual posture 
when at rest was that julopted by all primitive races, and by many 
even Jit the present day, viz. the position known as S(|uatting; that 
these habits have moulded the bones into certain definite shapes, which 
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are easily recognisable, and are still to be met with in the lower races of 
the present time. 



Catal()gue and Measurements of Bones (Fig. 5.) 

Left femur, 420 mm. or 16*5 in. Left tibia, 355 mm. or 14 in. 

Leftjihuld, 340 mm. or ISJ in. Right tibia, 360 mm. or 13J in. 

Right filrula, 340 mm. or 13^ in. Right astragalus, 1st and ord 

AfetatarsaL 
Right cla^ncle, 140 mm. or 5 J in. Right radices, 230 mm. or 9 in. 

Right tdna, 232 mm. or 9^ in. Lefi humei'vs, 316 mm. or 12 J in. 

Left tdTUi, 215 mm. or 8J in. Left radium, 10 mm. or 4 in. of the 

shaft. 

Portions of the left side of the pelvis, including the acetabulum, the 

tuberosity of the iscliium, the Inxly of tlio pulses, and the commencement 

of the crest of the ilium. 

Vertehw, — 4th or 5th cervical, 5th or 6th dorsal, 11th dorsal, 12th 

dorsal, 5th lumbar, another lumbar in fragments. 

Ribs. — Left 1st, right 12th, several other portions (fragments). 



ADDENDUM. 

Since writing the above, I am glad to announce that several other 
jK)rtions of the skeleton have been found, viz. : the right half of the lower 
jaw, with most of the teeth in situ \ the atlas ; the second left inetiicarpal ; 
a middle phalanx. 

The credit of this further discovery l)elongs to Mr J. B. Barnes of 
Birkdale, Jjanca, to whom we are indebted for the major portion of 
the find. I wish to express my thanks to him for allowing me to make 
use of the bones for the purposes of this paper, as well tis to several fellow- 
members of the Yorkshire Ramblers' Club who have assisted me in the 
search on various occasions. 



ABNORMALITIES OF THE PYRAMIDAL TRACTS. 

By G. Elliot Smith, F.R.S. 

This note refoi-R to a serioa of examples of Hie aberrant circumolivary 
buiulle derived from the pyramidal tract, to which attention had pre- 
viously Ijeen called by the author in a preliminary Note published in 
the RefAew of Nexvvobujy and Psyehiiifi^j/, May 1904. More than sixty 
examples of this aberrant track have been seen by the author: in more 
than J)0 per cent, of these caH(5S the bundle was found only on the left 
side, in only two crises on the right side only, and in the rest on both 
sides. The Kbres are distributed in the floor of the fourth ventricle, and in 
two cases some of the fibres prcx^eeded down the posterior columns of the 
spinal cord. In most ca.ses some of the Kbres lose themselves in the resti- 
forin bodies and become indistinguishable from the mass of fibres going to 
the cerelxjilum. 



THE CAUSATION OF THE SYMMETRICAL THINNING OF 
THE PARIETAL BONES IN ANCIENT EGYPTIANS. By 
G. Elliot Smith, F.R.S. 

No satisfactory explanation has yet been given of the mode of causation of 
the curious symmetrical thinning of the parietal bones described by Maier 
(Virchm&s Archiv, vii. 336), and subsequently by Sir George Humphrey 
{The Hwrruin Skeleton, 1858, pp. 242-24S) and others. Sir George 
Humphrey states that " the exact symmetry, the similarity of the defici- 
ency in the several cases, and the absence of any trace of disease, render it 
most probable that the conformation was congenital." Maier, however, and 
the few recent writera (e.g, Ziegler, Text'BiH)k of Specud PatholoyicAil 
AncUomy, transl. MacAlister and Cattell, 1896, sections i.-viii., p. 143), 
who I'efer to this condition, regard it as a senile atrophy. 

In contrast to the rarity of the occurrence of this peculiar conformation 
in European crania — Sir George Humphrey was able to find only six 
examples in European museums, one in Cambridge, four in Paris, and one 
in Berlin— it is very common in ancient Egyptian cemeteries. It is 
produced by a gradual wearing away of the outer tivble of the cranium, 
until in many cases the diploe is reached, and even the inner table may 
become eroded. The causal factor invariably operates from the outside, 
and the shape of the craiiial cavity is not affected. The process of erosion 
never attacks those parts of the skull which are covered by muscle, and a 
ring of bone (about a centimetre in diameter) around each parietal foramen 
is almost invariably spared. It is clearly due to some agent exerting 
continiunis pressure on the cranial vault where this is unpi'otectcd by 
muscle, and the pressure may act by interfering with the blood supply of 
the bone. It cannot be congenital, because the examination of a large 
series of cases shows that it is certainly the result of the erosion of a 
proi)erly developed cranial wall; and further, in more than seventy 
examples of this condition, there is not a single instance of its occuri*ence in 
an individual under 25, or perhaps even 30, years of age. 

It cannot, however, be regarded as a senile change, because it frequently 
occurs in crania where the coronal sagittal and lambdoid sutures show no 
trace of closing. Nor has it any relationship to sex, occurring as it does in 
both men and women. 
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In the collection of ancient Egyptian ci'ania its diHtribution is peculiar. 
In large collections of crania of the most archaic period, 1 have not found a 
single example of this peculiar thinning, nor have I found it in any skulls 
later than the New Empire. It is only in the period between the fourth 
and nineteenth dynasties, and only in the upper classes — i./» in the tombs 
of wealthy people — that this atrophy occurs. This cranial thinning, in 
other words, is only found in those people ^vho were accustomed to 
wear wigs of enormous proportions and of gi-eat weight. It is, of course, 
impossible to state dognuitically that there is a causal relationship between 
these two facts ; but it is highly suggestive of the origin and the frequency 
of this thinning in a particular class and at <me definite period. 

The modern Egyptian Fellahin women are accustomed to carry on their 
heads water-jai's of enormous weight : but I have never met with a single 
case of thinning of the parietal bones in these people. It is cmitiiuums 
pressure of a lessor weight, and not the intermittent application of a great 
weight, that brings alx)ut the atrophy. 

These olwervations could have been made only under very exceptional 
circumstances, i.e when large series of accnraiely dafpd specimens were 
available. It has l)een my good fortune to have had such material, 
tf)gothor with the accurat<5 information, provided for me by the Hearat 
Egyptological Expedition of the University of California, whose work has 
b(ien conducted by Dr George A. Reisner and Messrs A. M. Lythgoe and 
A. C. Mace, who have always given me their assistance in this work. 



ON CERTAIN PECULIARITIES OF BRAINS LACKING A CORPUS 

CALLOSUM. By G. Elliot Smith, F.RS. 

This note is based upon the examination of the acallosal brains of two 
Fellahin women who, by a most extraoi-dinary coincidence, died within a 
few hours of one another in the Kasr el Ainy Hospital in Cairo. One of 
these brains wtus very much smaller (950 grammes) and the otiicr unich 
bigger (1400 gmmmes, after being three days in a body preserved by 
intravascular injection of 10 per cent, formalin) than the avei-age (1168 
grammes) of one hundred Fellahin women's brains weighed by me. The 
histological examination of these brains is being made by I)r R. G. White, 
Assistant Professor of Pathology in Cairo, who has permitted me to use 
some of the data already elicited. 

The long series of elaborate and almost exhaustive studies of human 
brains lacking a corpus callosum (hat have l)oen published within the last 
few years — Arturo Banchi, in a most valuable memoir, " Studio anatomico 
di un cervello senza corpo calloso" {Archivio italitmo di Awitoima e di 
E}nbru)loc/ia, vol. iii., fasc. 3, 1904), gives a list of no less than Hixty-sevon 
memoirs on this subject — leaves little to be done toward the elucidation of 
the mere anatomy of the brain in such cases. The arrangement of the 
fornix system of tibres in these brains presents a Metatherian simplicity, 
and it was the results of the study of this system that I had intended to 
deal with in this note ; but the researches of Probst, and especially Banchi, 
among many others, have quite forestalled all that I had to say on that 
subject. 

One of the most constant distinctive features of brains without corpus 
callosum is a marked dilatation of the posterior cornu of the lattiral ven- 
tricle and great thinning of its walls. Tliis is probably the result of the 
freedom from the restraining influence of the forceps major of the corpus 
callosum on the backward expansion of the hemisphere. 

One of the most instructive features of these specimens is the demon- 
stration — by defect— of the influence exerted in the normal brain by the 
backward extension of the corpus callosum on the calcarine and parieto- 
occipital group of furrows. In acallosal brains the gyrus cunei comes to 
the surface ; the two main sulci of the parieto-occipital group (the inter- 
mediate furrow having disappeared) are widely separat'Od by a suporficial 
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gyruR ; the simple calcariue sulcus is accouipanicd by two pairs of parallel 
furrows — the superior and inferior Hunting sulci of the area striata 
respectively above and below it ; and the sulcus paraniesialis occipitalis, 
and the posterior jwirt of the collateral, which are respectively the superior 
and inferior limiting sulci of a parastriate area. 

Thus we have a much simpler — almast diagrammatic — arrangement of 
the parieto-occipital furrows, which becomes considerably disturbed when, 
in the course of the development of the normal brain, the splenium of the 
corpus callosum pushes its way into their midst. 



ASYMMETRY OF THE BRAIN AND SKULL. 

By G. Elliot Smith, F.R.S. 

Many writei*s have called attention to the asymmetry of the cranium, brain, 
and intracranial venous sinuses separately, but comparatively little work 
has yet been done to study the co-relation of these asymmetrical conditions 
the one to the other or to explain their origin. 

One of the most striking points of contrast between the cranium of 
Man (and especially the higher races) and that of the apes (and to a less 
degree that of the black races) is the asynnnetry of the former and the 
much closer approximation to perfect symmetry in the latter. The lack of 
symmetry of the cranium in Man is the result of the unequal development 
of homologous parts of the two cerebral hemispheres — especially the great 
parietal and frontal association areas. The result of the unequal develop- 
ment of the frontal areas is not only a greater fulness of one side of the 
frontal bone, but a displacement of one orbit, producing an asymmetry 
of shape and position of the orbits and their contents. 

The greater size of the right parietal association area not only \vah\h to 
greater prominence of the corresponding parietal bone and a relative 
shifting backward of the right parietal boss (already described by Qrufii'ida 
Ruggeri), but also indirectly explains (1) the usually greater extent of the 
lateral part of the left visual cortex and the retention of a more pithecoid 
fonn in the left hemisphere; (2) the greater prominence of the occipital 
pole of the left hemisphere and occipital squama (Tedeschi, '' Studi sulla 
simmetria del Ci'anio," Atti delln Societa Romaiui dl Antropolog'ux^ vol. iv. 
Nos. 2, 3, 1897); and (3) why the larger lateral sinus, which receives the 
blood from the superior longitudinal sinus, is usually on the right side. 
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A NEW TOPOGRAPHICAL SURVEY OF THE HUMAN CEREBRAL 
CORTEX, BEIN(} AN ACCOUNT i)F THE DLSTRIBUTION 
OF 1HE ANATOMICALLY DISTINCT CORTICAL AREAS 
AND THEIR RELATIONSHIP TO THE CEREBRAL SULCI 
By 0. Elliot Smith, M.A., M.D., Ch.M., F.R.S., ProfcHmv of 
Av(U(mi}/y Cairo, 

In the ]ast niunbcr of tliia Journal I called attention to the fact that 
by nieann of the naked-eye examination of sections of the fresh brain it is 
possible to recognise the differences in thickness and texture of various 
cortical areas, and so to map out the exact extent of eocli of the regions. 
In that connnunication I illustrated the metluxl in its application to the 
visual areas of the cortex, which comprise the greater part of the so-called 
occipital " lobe " of the hemisphere. In the present memoir I propose to 
extend this survey to the whole of the surface of the cerebrum, and to 
present ma|>s of the whole coi-tex, which I b(»lieve to be more complete and 
at the same time more exact than those obtained by the application of 
other more lal)orious methods. Nevertheless, the diagrams presented here 
are merely preliminary attempts at an adeciuate charting of the surface of 
the brain: in a series of further contributions to the consideration of this 
subject I propose to take up one by one each region of the cortex and discuss 
in much greater detail than the present sketch pretends to give the exact 
topography of each area and the wide range of variability and relationship 
to sulci which is found in every part of the human neopallium. 

In tny earlier communication I have insisted on the fact that in the 
process of folding of such a plastic material as cerebral cortex we find that 
as a rule sulci do not develop with mathematical precision at the exact 
lx)undary lines of adjoining areas or in the precise axis of any given 
territory. But while fully realising the accuracy of Professor Sherring- 
ton's oljservation that they " are not reliable as landmarks," we cannot be 
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blind to the fact that each one of the vast majority of the fuiTows on 
the surface of the hemisphere presents a definite c^insal relationship to 
some given cortical area (or areas). This relationship can only be properly 
appreciated when a large number of specimens have been studied, l>ocause 
the edge of a coiiical area may extend beyond or may not reach as far as 
the floor of a sulcus, which the examination of a large series shows to be 
causally related to it, or, in fact, its real limiting sulcus; and in many 
cases it happens that by mere chance the edge of an area may coincide 
with a furrow, which might thus come to be regarded as its morphological 
boundary if a more extensive study had not revealed the fact that the 
relationship was merely fortuitous. It will be understood from these pre- 
liminary remarks that the accompanying diagrams are intended to emlxxly 
the results of the examination of a very large series of speciuiens, and that 
in no single example is the exact condition represented in these schemata 
likely to be realised in every particular. 

A vast amount of work has been devoted to the elucidation of the 
localisation of the cerebral cortex, but so far as I am aware, only two 
writers have ever attempted to present complete charts of the distribution 
of the various areas in the human brain. 

As the result of a long series of investigations into the chronological 
order of the process of medullation of the various districts of the coi*tex and 
its subjacent white substance. Professor Flechsig has been able to construct 
complete maps of the surface of the human brain (I, 2, and 3). A series of 
these diagrams will be found in his work, Kinij/e Ihmevknngea iihev die 
Unferatichunymtiethoden tier Oro.'fshvnirinde, ind>eHcyndere den Menschen (3). 

Another pair of most instinctive maps compiled by Flechsig (2) are to 
be found in the sixth edition of Ifalliburtons IlandlkHtk of PhysioliHjy 
(1904, p. 696) ; the originals of these are not available to me at present (2). 

Dr Alfred Campbell has recently published maps of the human cerebral 
cortex based on histological studies (4). 

Many other investigators, such as Boltc^n, Vogt, and Brodmann, have 
recently studied the histological localisation of certain parts of the cortex 
cerebri of man and other mannnals (see especially 5). 

At the outset it is advisable to make it perfectly clear that no claim is 
made for this method other than that of enabling us to map out such areas 
as present contrasts in thick ucsh, texture, and c4>louration to the naked eye. 
It is not pretended or in any way assumed that such contrasts in appear- 
ance necessarily- imply physiological differences or even essential distinc- 
tions in histological constitution. Moreover, I am not unmindful of the 
fact that in basing this gross means of localisation on (essentially) one 
factor in the constitution of the cortex, i.e. the arrangement of the intra- 
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cortical medullaiy matter, we nvo apt to overlook real differences and I>e 
deceived by sjiiiriouR resemblances. Neveitheleas tlie fact remains that 
there are obvious mocroflcopic distinctive features of the various cortical 
areas : theae I have atteniptcd to map out. The fact that most of these 
areas have precise i-elations to various stable sulci, and that their distribu- 
tion agrees so nearly witli tliosc nia|)peil out by Fleclisig, using another 
methfHl, Room to ]Hi))it to the condition that we arc dealing with truly 
localised cortical areas which expand at uueijual rates in the course of 
their development, aud are, therefore, pi-esumably of difTereiit function. 
And when I odd that by the grosser method it is posaihle to do the 



merit niiippini; out of a liriiiisphitii: in mic Ikiui', wliicli would take an 
immeasurably longi-.r time to do by either of the other methods, we can 
appreciate how useful this method Ixtctmies when it is necessary to examine 
large series of specimens to determine the i-olatioiiships of sulci and localised 
aroafl. I have insisted on the rulatioimhip to the furrows no constantly 
because this renearch was begun with the int<<ntton of studying the mean- 
ing aiul origin of sulci; but in the course of the work the more striking 
resultfl bearing on the localisation of the cortex have relegated the problem 
of explaining tlie sulci to a secondary place. 

The Neopallial Akeas and HvijCI. 
If 11 [resh cerchi-al hemisphere be taken and incisions be mode in every 
juirt of it by means of it scalpel, more than thirty ditierent types of cortex 
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can be distinguished by the naked eye in the neopallium in addition to the 
various parts of the rhinencephalon. Twenty-eight of these types of cortex 
are represented in a semi-diagrammatic form in the accompanying figin-e 
(fig. 1), which is a photograph of a series of drawings made on a blackboard 
from a fresh brain — in all cases the surface is on the right side and the 
medullary matter on the left : every slice was accurately drawn to scale, 
and the attempt was made to represent the features of each region without 
any pronounced exaggeration. In the photogi*aph the features have 
become intensified, so that the drawing seems more diagrammatic than the 
original chalk sketches were intended to be. This exaggeration is useful 
if it serves to fix the reader's attention on those delicate intracortical bands 
which anyone can see for himself in a fresh brain once he has Iteen re- 
minded of their existence and their general characters. The most distinct 
of all these Uinds is, of coui*se, the stria (leiniari found in tlui visual cortex 
(fig. 1, No. 22); but the others can be recognised with more or less ease 
after a little experience. Perhaps the greatest contnist is found in the 
upper part of the sulcus centralis, the anterior wall of which consists of the 
thickest cortex (almost 4 mm.) with a maximum amount of white matter 
widely diffused (tig. I, No. (>), whereas its j)osterior wall is compased of one 
of the thinnest cortical areas (often only 1*5 u\m. thick) with a pair of 
narrow, compact, white bands (fig. 1, No. 7). 

There is a very widespread belief that the characters of one area 
merge gradually and impei'ceptibly into those of the neighbouring areas, 
but this is entirely mistaken. The changes in structure occur with the 
utmost abruptness, so that it is possible to determine with al)solute pre- 
cision the exact boundaries of each area. If the reader needs convincing 
of the accuracy of this statement let him cut a fresh brain at right angles 
to the calcarine, intraparietal (any part), central, inferior frontal, or parallel 
sulci, and he will find all the confirmation that is necessary. The very 
greatest variations in the distinctness of the intracortic^il bands will 1)e 
found in different specimens. Many factors determine this variability — 
age, race, cause of death, the time that has elapsed after death, and other 
as yet unknown re<isons. The bands are not all present in the form repre- 
sented in the diagram (fig. 1), excepting in adults. In a new-born child all 
the cortical areas are uniformly grey and translucent, but a milky whiteness 
is visii)le in the sulx^ortical matter around the central, calcarine, and superior 
temporal sulci. But it is not until long afterward that the intracoHiail 
medullary bands become recogni.sable to the naked eye in fresh, unstained 
sections. In a child of eight ye^irs the picture of the cort-ex obtained b}' 
the macroscopic examination of the fresh brain corresponds to that obtained 
by Flechsig in stained sections of the brain a month after birth. By 
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twelve yearH of a^e nil of the aroAR contain intrncortical banda visible to 
tlic^ unaided eye: but numy of these ImndH are (relatively to the rest) much 
faintc^r tlian they are in the adult, and all of them are less dense. As age 
iulvances the I)and8 become denser and more pronounced, as we should 
expect from the results of Kacs' re-searches. So far as the mere chrono- 
logical order of development is concerned — /.<*. without l>eing able to give 
the ttf'hud ihih'H of the appearance of fibres — one can verify Flechsigs 
residts by the examination of sections made with a scalpel in fresh 
brains of children ranging from the time of birth up to twelve yeain of 
age. This method luw Ixjen of great service during the course of this 
investigation in enabling me to distinguish adjoining areas of similar 
.appwirance in the adult brain. But for the main purposes of this research 
1 have employed the brains of adults of more than twenty ye<u*s of age. 

As a general rule I have found the brains of negi"oes more useful than 
those of other races. The cortex of the negro is often distinctly brown, 
and this enhances the contrast to the white bands. 

Various pathological conditions, both general and local, profoundly 
aflcct the distinctness of the fixtures of the cortex. Profound antemia, 
such as occurs in ankylostomiasis, so blanches the grey matter that it is 
often quite impossible to see any l>and except the line of Gennari. 

Within two or three hours after death tlie cortex has quite a translucent 
apiM»aranc(), and the white Ixvnds stand out with extraordinary prominence. 
As the body cools the grey matter becomes cloudy and the bands more 
and more blurred and ill-defined. 

The intracortic^il bands arc usually cjuite distinct in specimens which 
have Ixjcn fixed in Mifn by intra viuscular injections of formalin. In the 
roui-se of this inv(!stigation such matcuial obtained from the dissecting- 
rooms lijiH been of the utmast value, because hardened specimens are so 
much cjisier to deal with and to make photographs and drawings from 
than fresh specimens are. Brains fixed and preserved in a bath of formalin 
are not nearly so siitisfactory tis tho.se obtained from lx)dies treated by 
intravascular injection : in the former the cortex becomes " cloudy," whereas 
in the latter it retains more of the transluccncy of fresh material. In 
many specimens that have been kept in MUllers fluid, even for long 
periods, the bands are quite distinct. And in sections (cut by a microtome) 
of material fixed in almost any manner, when examined cither in water or 
Farrant s solution, the cortical lamination is (]uite obvious, and, as a rule, 
the contrasts are greati^r and more striking than in sections stained by 
any method. Apart from the visual area (which was examined in more 
than a thousand hemispheres), this work is based upon the study of more 
than two hundred adult hemispheres. 
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This account is nothing; more thiui a mere preliinintiry ukctcli to give 
some idea of the i-eeulUi to bo obtained by the uiniple iiieana of iinked-eye 
examination of material cut with a (tcalpel No attempt lias been mode 
in thix cotiimunication to collate these results systematically and com- 
pletely with those obtained by other methods of research. 

This can only be done with any satisfaction when results obtained by 
both methods have been much moi-e fully elaborated than is the case 
at prusent. 

n»ictHT *" 
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The Vimio-Audiiifry Btiiid 

Tn my previous communication on the visual area I have descrilied a 
forwardly projecting tongue of mtui ■jiM-lHlritilit which becomes folded in 
ito long axis to form the Mth^i-i in^fhiniihut (mihi) — a furrow i<lentical 
with that eallud sulcus o<rijn(<tli» lulcnUis by most writers. From the 
anterior end of this band a narrow strip of coi-tex (sometimcti no more than 
one centimetre in width) extends forward (fig. 2, a) as far as the upper end 
of the ifttlctm tempi/nUin miperior, in the door of which it becomes continu- 
ous with the €irea temporalvt miperior (fig. 2, Ait. TEMl*. sui'.), which is the 
" audito-psychic area " of Campbell and other wi-iters. This strip a, which 
I shall call the " visuo-auditory bivnd," serves as a narrow connecting 
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briflgi) between the arm peristrvtfa, which ia the " visuo-psychic area " of 
Bc)lton and othei-s, and the " audito-paychic area," so that it linkfl together 
the outlying parts of Uiose regions of the cortex which are given up to the 
functions of sight and licaring. This attenuated band is all that is left of 
the extensive IxMid of union between these two areas which in the lowlier 
iiiaiinnals have co-extensive Ijoixlers: in man and to a less extent in the 
apes the great development of the inferior parietal area (fig. 2, AR. par. 
INF.) alx)ve it and the temporal areas (tig. 2, AR. temp, med.) below it have 
pushed these two parts asunder, leaving this narrow connecting bridge. In 
8up|X)rt of this hypothesis of the primitive nature of the band a I might 
call attention to the fact (which Flechsig has clearly established [J, Taf. 
II., fig. 4] ) of its early medullation. In appearance the cortex of the visuo- 
auditory band closely resembles that of the area peristruita (fig. 1, No. 24) 
from which it is often quite indistinguishable. In other cases an indistinct 
doubling of the line of Baillarger occurs, so that it resembles the area 
2Hi7*icto-()ccipif(flif< (fig. 2, AR. PAR. occ, and fig. 1, No. 25). 

It very frecpiently happens that the visuo-auditory band becomes 
folded in its long axis to form a horizontal sulcus wliich may join the 
mdc/iis ore ipi talis lafeiydut. Although this furrow is much more often 
present than al)seiit, it has not yet received a distinguishing name, so far as 
I am aware. It occupies a position (fig. 2, a) which is seen to be the 
natural Iwundary line between the parietal and temporal areas : hence it 
iiiight appropriately 1x5 called the " sitU^its temiyoro-parieUdW 

The whole of the area between the sidciis occipihdis UUendis {i.e, 
ftr(V,l/ftnatitf<) and the mdt^iH iHripitaliji inferior is often occupied by a 
cortiaU area indistinguishable from and continuous with the area peri- 
f<ti*i^da; but part of this region (marked "AR. TEM. occ.'" in fig. 2) 
occasionally exhibits a faint doubling of the line of Baillarger, which calls 
for its separation from that area. I have called it the "area teiufxnH)- 
occij)itali^y In position and structure it is in many respects analogous to 
the area poriefo-oceipifaliH (fig. 2, AR. PAR. ()Cf\, and fig. 1, No. 25). The 
latter area is bounde<l in front by the snlviix iwcipiialis anterior (fig. 2, 
K. oee. a)tt.) and alK)ve (or behind) by the f^idewi jHtrocvi/ritali^s (fig. 2, 
s. panH'v.), which is the ramiui iMri/tiftdis of the snlc^m intra ihirietaiiH, 

It often happens (eHi>ecially in the brains of lowly human races, such > 
as negroes and aboriginal Australians, and in the anthropoid apes) that 
the huIamvs occijnttdift anterim\ together with the svJicna occipiiaiiH inf^^yr} 



n0 



1 MoRb writcrn who have within recent years described the brain in tliesjiigher apes 
have c(nifii8ed the siilctts occipitalis in/ei-ior with the isulcru occijntah's ht^alis {praelunatiu). 
As the latter is nsnallj alisent in the ajies, the suggestion implied in this mistaken applicti- 
tioii of tcrins is insidiously misleading. 
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form a large arc (pai-allel to the tniitnus Inmititu), forming the anterior limit 
of a great tongue of cortoK, the tip of which often toucheti the upper end 
of the nulciM tempomlin superior in those cases wliere tliere is no tnUciia 
temj Hiro-jHirielt di». 

The presence of this great arcuate sulcus explains much of the mis- 
leading literature relating to the search for an " Afleuspalte " in the 
human hrain. 



- I-«<4nrMb«A:> 



Th,: ruriehd A->-<^(h. 

The mdetiis hifiuiHineUilU of Turner {Inti^rimrieiulin UNA) consiste of 
three morphologically and genetically HiHtinct part«:--j>oHtcciitral, intm- 
]iftrif!tal, and jMroccipititl i-uMpcctively. 

For the purposes of the piesent memoir the intermediate porticm may 
be called simply " intraparietal," seeing that it is placed within and 
separot^is the two parietal lobuleN one fi-oin the other. It is phylogeneti- 
cally one of the most ancient sulci in the brain, being undoubtedly the 
i-cpreseiitativc of the ftdi^M Idlefidix of other inamuiuls. 

The miperior parietal lobule is composed of thinner cortex (25 iimi.) 
than the main portion of the inferior parielar lobule (30 nun.). Both 
contain distinct donble lines of Uaillarger (tig. 1, Noa. 1, 8, and 15), but 
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those in tlie superior lobule are denser and closer together than those of 
the inferior lobule. 

The superior parietal lobiile is crossed ti-ansversely by the fftUcun 
jHirietdlis superior on the dorsal surface and the MidatiH pnecunei on its 
mesial surface, the two furrows Ixjing often confluent. In most specimens 
I have foimd it cpiite impossible to distinguish the cortex of the area in 
front of these furrows (Hga 2 and 8, Alt, rAii. SUP. B) from that phiced 
l)chind them (AR. i*AK. sup. A) : but it often hapi)ens that there is a distinct 
difference in the texture of the two parts (compare Nos. 8 and 15, fig. 1), 
the lines of Baillarger being somewhat narrower and denser in the anut 
2}(triptidw Hxipevwr anteriar (B) than in the fr?'f?(f jxtrietalis 8U2>€rior 
pottterior (A). I am confirmed in drawing this distinction by the resiilts 
of my examination of the bmins of children, and by the definite evidence 
of the same nature which Flechsig has brought forward (J, Tafel II., figs. 
3 and 4) by demonstrating that the anterior (B) district (his 16) becomes 
medullatiid some time earlier than the i)osterior (A) district (his 21). 

There is another feature of this region brought to light by Flechsig 
which can 1x3 most clearly confirmed by the macroscopic examination of 
fresh sections of the adult brain. If a cut be made into the parietal region 
at right angles to the intraparietal sulcus, the lines of Baillarger in the 
8U|>erior parietal lobule will be found to become suddenly intensified (i.e. 
l>ccome denser and whiter) about 2 or 3 nnn. from the upper lip of the sulcus, 
and this intensification is continued exactly to the bottom of the furrow. 
Flechsig has shown that this patch becomes medullated much earlier than 
the rest of the parietal region (J, Tafel II., fig. 3, No. 13). He has not shown 
that this band containing the intensified lines of Baillarger can be traced 
luMjkward into continuity with the visual area in the floor of the sulvii» 
]htroa:ijyiUdvi and forward into continuity with the Hvva 'iHwfcenindiH 
(fig. 2, j8/8), that, in fact, it is a " vinuosfnison/ band " exactly analogous to 
the '' vmrio-itmlitory bund" (a) of which I have spoken in the preceding 
pages. It is the attenuated fragment of that extensive coinioction lietween 
the visual and sensory areas of the brain which han remained after these 
areixs have been pushed apart by the great expansion of the parietal areas. 

In the great majority of cases I have found the large ajid important 
inferior parietal lobule composed of a cortex of uniform characters, if we 
exclude the small antero-inferior corner (fig. 2, All. PAR. INF. C) which perhaps 
ought not to be considered Jis a part of the lobule. The rest of the lobule 
is almost invariably subdivided into two parts by the a^Uctcs aiujukiriH 
(which many writers call rtnnw^ ciHcendcns mdc, teinp, moperiori8), and in 
many cases the lines of Baillarger are more distinct in the area behind this 
furrow (fig. 2, ak. par. inf. A) than they are in front (AR. PAR. iNF. B). 



— .--^j-cw-v ^^?<\a..«rr:^^ , 
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The area that lies immediately alx)ve the posterior end of the fissure of 
Sylvius, between the upturned end of the latter and the tniUnus nicbcentralitt 
posterior (fig. 2, s.^.}).), presents the same general features as the rest of 
the parietal region, but it (fig. 2, ah. par. inf. C) is thinner and its lines of 
Baillarger denser than those of the rest of the inferior parietal lobule. As 
Flechsig has shown, it becomes medullated long before the rest of the 
inferior parietal lobule. For the sake of conciseness I shall use the name 
" area purutryluia " (in reference to its relation to the tail of the Sylvian 
fissure) for this area c (ar. par. inf. C). The anatomy of the regions around 
it presents many difficulties, to the consideration of which I shall return 
after studying the central convolutions. 

Tke Ccntrtd Cinivolntioiitt, 

Under this title are included the area [mecentndis (subdivided into 
two parts, A and B), the area poHtcentndiH (also divided into two piirts, A 
and B), the continuation of these into the paracentral lobule and certain 
modifications of these formations at the two extremities of the convolutions 
(fig. 2. Y ; fig. 3, X). 

The structure of the two walls of the milcwa centralis forms a most 
striking contrast (fig. 1, Nos. 6 an<l 7). 

The anterior wall of the sulcus in the upper (mesial) part of its extent 
is formed of cortex almost 4 mm. thick, which is so very rich in medullary 
matter that the inner two-thirds of its thickness is often uniformly pallid, 
and the line of demarcation between it and the white matter of the hemi- 
sphere is not so sharply defined as it is in other regions of the cortex (fig. 1, 
No. 6). The outer edge of the intracortical medullary matter is always 
denser than the rest, and sometimes two or even three faint bands can be 
seen in the cortex (fig. 1, No. (>). As the cortex is traced forward out of 
the sulcus into the expo.sed surface of the priecentral convolution the 
diffuse paleness gives place to a definite pair of lines of Baillarger, the inner 
of which is very broad and diffiise (fig. 1, No. 13). This is tlie ai'ca 
prwceiitndis B, The distribution of these areas is shown in the diagrams 
(figs. 2 and 8). As these areas are traced downward (toward the fissure of 
Sylvius), their outstanding features, ius just described (and represented in 
fig. 1), l)ecome less pronounced, and the area, A becomes restricted to the 
wall of the HtdvAUi centi*idif*. The naked-eye appearances of the pro^central 
areas is subject to a wide range of variation. 

The tndoiui »ubcentralis anterii/i^ (fig. 2, h,sm,) is a limiting fuiTOW of 
the prsecentral area. The combined results of experimental, clinical, and 
histological evidence point to the fact that these prsBcentral areas 
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represent the " motor area " — the region that is responsive to electrical 
stimulation. 

Like the praecentral area the postcentral is subdivisible into two or 
even three distinct regions, which in the main occupy respectively the 
posterior wall of the f^dcxiH cenimliny the crest of the postcentral convolution, 
and tlie anterior wall of the postcentral sulcus. For simplicity I have 
groui)cd tlie latter two in the one area j)of<tvrniralis B in figs. 2 and 3, but 
the part represented in fig. 1, No. 14, is the type of the anterior wall of 
the }x>stcentral sulcus. 

On the mesial surface these two postcentral areas are prolonged as a 
crescentic band into tlie paracentral lobule (fig. 3). This band stops 
posteriorly exactly in the floor of the upturned end of the sulcus cinguli, 
and anteriorly in a fairly constant sulcus parallel to the latter, wliich 
serves as the line of separation between it and the motor area. This may 
1k5 termed the " nulc/iis paiuceiitraliMj* because it lies within the paracentral 
lobule. Below the motor area on the mesial surface (at the point marked 
X in fig. 3) the cortex seems to undergo a slight change in texture, the 
outer line of Baillarger (of the postcentral B type, fig. 1, No. 14) becoming 
markedly accentuated. This type of cortex lines the upper lip of the 
iieighlK)uring part of the sulcus cinguli : exactly at the l)ottom of this 
furrow it gives place to another type distinguished by the presence of a 
pair of faint lines of Baillarger (fig. 1, 9). The distribution of this callosal 
area is shown in fig. 3 (au. CALliOS. A). 

At the lower end of the central sulcus the distribution of the various 
areas becomes .so confused that it becomes an exceedingly difficult matter 
to interpret the appearances presented by sections of this region. This is 
rendered all the more difficult by the fact that the results obtained by the 
examination of one specimen do not accord with those that may Ije found 
in other auses. The area posfcentraliH A seems to be prolonged around 
the lower end of the Hidcu^H renlralif^ (at Y, fig. 2) ; but as it does so its bands 
of Baillarger Ixicome more attenuated, and this type of cortex (so far as can 
1x5 judged by the naked eye) fringes the Sylvian fissure as far forward as 
the ix)int marked Z in fig. 2. 

I have alrciidy called attention to the presence of a curious cortex 
which lines the upfxjr wall of the inUcuH ivtrapitrietalis (fig. 2, /8): when 
the latter sulcus approaches the snhm^ iwstcentralw this area /8 occupies 
the little gyrus in the space between the two furrows (fig. 2) ; but in those 
cases in which the two sulci become confluent the visuo-sensory band (^) 
passes into the anterior wall of the inferior postcentral sulcus, and when it 
thus becomes brought into juxtajxwition to the rwca potiicentralifi B it 
becomes difficult in many cases to distinguish these formations the one 
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from the other. So far as I ci\n interpret the appearances seen in my 
specimens — but I must confess that I make these suggestions with some 
hesitancy — the area foatcentralw B is always placed entirely in front of 
tlie tndtnuf tmbcetitnilw posterior (fig. 2, nM/p.), but the area jS (visuo-sensory 
band) sometimes does not reach as far as this sulcus, at other times atUiins 
its anterior wall, in other cases its posterior wall, or even invades tlie 
territory of the aren pavieUdiH hiferim' C (lig. 2). 

A study of the results obtained by other writers does not help us to 
reach a satisfactory solution of this difficulty. Thus Campbell represents 
a downward prolongation of the superior parietal lobule pissing in fnmt 
of the tnilciLs HU^bcentndis poHtevio)* in the human brain (.^, Plate 1.), but in 
the Chimpanzee's brain the area poHtcentndU B is shown extending bock 
as far as this sulcus. This exactly agrees witli the variations that I have 
found in the human brain. 

In many specimens the cortex, that emerges from the lower end of the 
postcentral sulcus and extends downward to form the anterior lip of the 
tnd<yiui mdjcent ml in poHtei*ioi\ certsiinly dittera in structure from all of the 
neighbouring areas — the inner line of Baillarger becomes so faint as to be 
hardly recognisable and the outer line Ijccomes markedly intensified. This 
is a i*egion in which histological investigation might be used with advantage 
to clear up the difficulty. 

The Froidid Reijum, 

As we pass forward from the thick pra)central cortex with its very 
diffuse pair of bands of Baillarger (fig. 1, No. 13), we come in succession to 
a series of areas in which the cortex becomes thinner and its bands more 
attenuated, until eventually we reach the thin prefrontal cortex (No. 4), in 
which one can see, as a rule, only one very pale band in an unusually clear 
and translucent grey substance. 

The accurate mapping out of this area presents gieat difficulties, because 
the contrasts between adjoining areas are often exceedingly slight and at 
times (|uite impossible to detect. The diagrams of this region which I have 
made for this account (figs. 2 and 8) are, I believe, on the whole accurate 
representations of the average ccmdition met with in a large series ; but 
certain points may require revision at a later i>eriod. 

In the area which Campbell (4, Plate I.) has allotted to the "intermedi- 
ate prsscentral ^ formation, there are found various types of cortex ranging 
from 3 mm. to only 1'75 nun. in thickness, an<l no less than five distinct 
localised districts of different structure can l)e recognised by naked-eye 
examination. These are the superior frontal (figs. 2 and 3, AU. FlioNT. sui\, 
and fig. 1, No. 2), the intermediate frontal (ak. Fit. int. and No. 11), the 
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])ost<5rior inferior frontal (fig. 2, All. Fli. I. I^), the inferior frontal (AH. KK. 
INF. and No. 3), and finally the orbiUl (AR. ORii. and No. 10). The 
contrast between the narrow sharply-defined l)ands of the last three and 
the broad diffuse bands of the fii-st two areas is obvious at a casual glance. 
The (iiva fronfnli^ Hnporrov is distiiiguishod from the (trea frovUdin 
infpvmedhi by the fact that its bands are broader and more diffuse. [This 
W)ntni8t hits not Ikjou sufficiently cl(»arly depicted in fig. 1, which is, how- 
ever, an accurate representation of a series of types taken from ove 
huliindmd speeiviei). In mast specimens, however, the contrast is most 
marked.] These two areas are alx)ut 8 mm. thick, although the inter- 
mediate frontal is often a little thinner. 

The inferior frontal area is about 2*25 nun. thick, i.e. about three- 
(piarters the breadth of the intermediate and superior frontal areas. It con- 
tains much narrower bands of Baillarger, with sharper edges (fig. 1, No. 3), 
and the whole cortex is clearer and more translucent than the superior 
frontiil. llie dorsal boundary of this area is the fuderts fronialm inferufv, 
its |K)sterior boundary is the HuUnis duujovnlis, and its anterior boundary 
the 8iclciis iftdiatiui of Eberstaller, although it must be admitted that its 
relations to these morphological boundaries is rarely, if ever, preserved 
with mathenuitical exactness. 

The strip of cortex (fig. 2, AR. FR. I. B), included lj(^tween the Hulnuf 
diiUfiwalw and the inferior prrecentral sulcus, differs in structure from both 
neighbouring areas. It is thicker than the inferior frontiil area, and its 
bands of Baillargcr are less dense than tlujse of the areas in front and 
behind it. 

The arfAi orbiUdi^ (fig. 2, AR. orb.) is limited in front by the two 
posterior liml)s and the transverse |)ortion of the orbital sulcus, and it 
extends as far back as the edge of the orbital operculum. At its lateral 
angle it Ijecomes ccmtinuoiis with the inferior frontal area. It is composed 
of very thin cortex. oftiMi only 1*75 nun. thick, and it is distinguished by 
the presence of a pair of very narrow dense lines of Baillarger, placed so 
close together that they often have the appearance of forming one band 
(Kg. I, No. 10). 

Flechsig has shown that it becomes medullated much earlier than most 
of the other frontal areas. 

The nvf'a, frovfali/i Muperuyf* (intn'mr is the strip of cortex included 
between the anterior part of the mdctin frovftiliM superior and the sidctis 
ringnli (figs. 2 and 3). In structure it resembles tlie area fvimUdis 
descrif)ed below, but its bands of Baillarger are more distinct and also 
more diffuse. 

The general features of the frontal area (fig. 1, No. 5) resemble those 
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of the other parts of the frontal region already described, but it is thinner 
(never more than 2*5 mm.), and its intracortieal bands much more slender 
and less dense than those of the superior and intermediate frontal areas. 
It is divided into two main parts by the stUcita frontalis raedius (fig. 2), 
which, in its typical form, is an obliquely-directed series of loops extending 
from the neighbouring ends of the mdiyiia whitulis and the mdmin fvonio- 
m'hital'iH of Wernicke upward toward the anterior end of the mdmiH 
fjyyatalis mipeinor. The area fron^taliH B, placed behind the sulcus, is 
thicker (2'5 mm.) than the a/i*ea fronUdlH A (20 mm.), which lies above and 
in front of the toiUnis medi'iis, and its bands are slightly denser and broader 
than those of the latter. 

The arett fronUdia C i*esembles the area B, but in some cases it is 
thinnei*. 

The anterior \uivt of the mdcivn ciiuf^dl is frequently separated from the 
rest of the furmw, and in such cases it is often prolonged obliquely upward 
and forward to form the boundary between the frontal and prsbfrontal arei&s 
(fig. 3, *Sf. HtL2>rarofitndis), That part of the marginal convolution, which is 
included between this suprarostral sulcus and the paracentral lobule, is 
often subdivided by a furrow which may be called " pamicingular," inU) 
two parts (fig. 3, 8, jxi/i^wing,). The strip of cortex (All. kr. D) which is 
placed l)etweon the cingular and parocingular sulci is often indi.stingni.sh- 
able in structure from the parts adjoining it on the other side of the 
paracingular sulcua However, that part of the gyrus which is placed 
below the anterior part of the area frimUdiH mvpmor never resembles the 
latter, but may be considered as part of the area frimtalis anpc^vun* 
anteri(yr\ and the more anterior part of the convolution often differs lvo\n 
the frontal area in having the outer of its two lines of Baillarger distinctly 
intensified. The callosal convolution can be divided into a series of ai*eas 
which are probably in some way influenced by the marginal areas, because 
they undergo changes similar to the frontal areas above them. The callosal 
area B (fig. 3) has much more delicate bands than the area A ; and in the 
callosal area C, which surrounds the genu, the lines of Baillarger have 
become so faint that they are hardly visible at all : in the area D and the 
region marked with an asterisk (*) — the parolfactory area of Mis — no 
structure at all is visible in the cortex to the naked eye. 

At the other end (i,e. near the splenium) of the callosal convolution 
there is a small wedge-shaped area (fig. 3, ar. paraspl.). This area jxira- 
spl&iiialis is exactly bounded by the md<yii8 a^tbparietalis, which contains 
a very dense white band (fig. 1, No. 16). 

I^he antero-inferior part of the frontal region is composed of the 
pradfrontal area — a very thin clear cortex with a very fine single line (on 
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rare occnnions doiiLIcd) of Baillargcr (tig. 1, Mo. 4). On tlie mesial surface 
it ie bounded by the auprarontral aulcus, i.e. the prolonged form of fclie 
anterior neginent of the mUciis vimjidi (fig. 3); and on the outer Burface 
by the nit/cJM wh Unlit. Altbough its nppcr l)oun(lary in a)wayn near the 
mtl/^m fiiiiito-miiiyiiuiUt ot Wvniickc. it is only very rarely that it exactly 
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coincides with it. In moat cnsen it Just crossun this furrow to ■'each as 
far an the mtprarostral sulcus {tig. 2, S. «n/»7YHvi>'.). The uii>sial part of 
the pmBfrontal area is subdivided by the fmlaiit vmtndiA, and the strip of 
cortex (fig. 3, AB. r]i-«PRONT. II) which is placed between this furrow and 
the «Ji/ciM civtftdi (unpraroftUiilit) is distinguished from the rest by a 
pronounced intensification of the Hue ot Baillarger. 

That part of the ui»iila Itcilii., which is pliicwl in front of the mUctts 
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ceninUis inmdfd (fig. 4, AR. PBiKC. INS.), may be conveniently grouped with 
the frontal areas, because its appearance (fig. 1, No. 17) closely resembles 
the area frantaliH, although its bands of Baillarger arc very much more 
faintly marked. At the mdcits liraitans iTtmvlce the bauds become more 
pronounced to form the inner lining of the frontal part of the opercula. 

Tlie Terrvporal Areas. 

The two transverse gyri of Heschl, entirely buried in the fissure of 
Sylvius l)ehind the insula (fig. 4), represent a sharply-defined anatomical 
area of thin cortex (1*76 mm.) occupied by two very dense iHinds (fig. 1, 
No. 27). All the available evidence — ^clinical, physiological, embryological, 
and anatomical — points to this region as the receptive area for iinpressious 
conveyed by the cochlear nerve. 

The area siUTOunding it on the surface of the superior tem{K)ral con- 
volution is composed of thicker cortex (fig. 1, Nt). 2(5) with lessdenne l)andH. 
Its distribution is shown in fig. 2 (ar. temp. sup.). The area of insula 
adjoining HeschPs gyri is composed of thin translucent cortex with a 
single very delicate line (fig. 1, No. 21 ; fig. 4, ar. postc. ins.). The insular 
area below this (tig. 4, ar. ins. in.) is composml of a thicker cortex, in which 
it is difficult to recognise any definite distinctive features. 

The tip of the temporal lobe — l)oth on its lateral, mesial, and insulav 
aspects — ^is occupied by an area which I shall call " polar," boctuise it 
occupies the pole of the temporal region (figs. 2, 8, and 4, ar. temp. ih)LAR.). 
It is a moderately thick, clear cortex with a single sharply- defined bind 
(fig. 1, No. 18). It is often separated from the rest of the outer surftice of 
the temporal region by a sulcus, which I have called " fempovaliH /nn/.«<- 
vennin'^ (fig. 2, s, temp, trarut.). This is connnonly regarded as part of the 
mdctui tempm^dis superiat'. 

The rest of the outer surface of the temporal region is composed of an 
extensive district which in many brains presents a uniform api)earance on 
section. But the upper half (fig. 2, ar. temp, med.) will Ix.' found to be 
thicker (8*0 mm.) than the lower (2*5 mm.), and its 1)ands stand out more 
clearly l)ecause there is less white matter in the surrounding cortex to 
blur the lines (fig. 1, Nos. 19 and 20). 

Intei-pased between these two temporal convolutions (fig. 2, AR. temp. 
MED. and AR. TEMP. INF.) and the nidcus CHTApitalis infefrior there is a 
narrow strip of thinner cortex with closely placed bands (fig. 2, AR. 
PARATEMP.). It ptisses obliquely forwai*d on the tentorial surface (fig. 3). 

On the mesial surface, the arexi pyrifannU stops sharply opposite the 
tip of the acorn-like uncus (fig. 8). The strip of cortex {yyniH jxiradev- 
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latiis)} which exteuds upward from the pyriform area as far as the 
posterior end of tlie corpus callosum, is divisible (even on examination of 
the surface only) into two parts : the anterior strip (fig 3, SUBIC. HIP.), 
covered with a thick white layer {Hribstantla retwAdai'ifi aUxi Amoldi), is 
a mere appendage of the hippocampus ; is, in fact, the mcbi(yid'H/m hyrpo- 
campi. The posterior part of the gyrus (fig. 3, All, paradent.), which may 
be called (irra, i)fii'ifff/'nfnftt, consists of a thin, clear cortex containing a very 
delicate, sliarply-defined line (fig. I, No. 28). As this formation is traced 
forward it merges into the ttrca tmnptD^diA pohiris, the cortex l)ecoming 
thicker and the line denser (fig. I. No. 18). 

The Olfactory Parts of the Hemisphere. 

Within the last few ycara so much has Ixjen written concerning the 
morphology of the parts of the cerebral hemisphere concerned with 
the sense of smell, that I am loath to return to the discussion of this 
region, which has so often engaged my attention in this Journal and else- 
where ; but it seems necessary once more to emphasise some of the salient 
features of the rhinencephalon of the human brain, which hns l)een so 
thoroughly and precisely described and so beautifully illustrated in Qustaf 
Ret;sius's monographs, because no other w^riter, so far as I am aware, has 
correctly identified even such fundamental features as the tuberculum 
r>lfactorium or the rcul boundaries of the pyriform lobe (fig. 4), the former 
being confused with the trigonum olfactorium and the latter with various 
adjoining areas. This is very difficult to understand when it is recalled that 
it is eleven years since lletzius indicated, in a manner that is quite con- 
vincing and final, tlie real nature and position of these parts of the human 
brain {IhtM Affv^chf'nhirnf I8!)fi, Taf. xxxii.); and two yoai's later he 
clinchcfl the matter by instituting a detailed comparison of this region in 
the brain of man with that of other mammals (" Zur ausseren Morphologic 
des lliechhirns der Saugethiere und des Menschcn," liiologisehe Unter- 
HKvJmiujev, Bd. viii., No. 2, 1808). Perhaps the renaon for the failure on 
the part of most writers to grasp the true state of afiairs is to l>e attributed 
to the mislcfiding method of describing this part of the brain that was intro- 
duced by His and has been perpetuated by the Basel Nomenclature Com- 
mission. 1 refer to the sulxlivision of the region under consideration into 
anterior and posterior lobules by means of the moi*phologically unimportant 
" tissura prima." It is unnecessary to discuss this matter any further, 
seeing that I have called attention to the common inaccuracies and the 
places where the true account of the region can be found. In the accom- 
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panying diagram (tig. 4) I have embodied the facts that I wish to emphasise : 
the position and relations of the pjrrifonn area, especially in tlie insula ; and 
the situation of the tuberculum olfactorium. The other features of the 
rhinencephalon represented in fig. 3 have been so often described in this 
Journal that there is no need to do more than refer to the diagrams 
themselves. 
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i 

* ' ' ' I 

Op the bones of the human foot the navicular iR perhapA the most 
interesting. For this there are various reasons, morphological, mechiinical, 
or both. 

In the first place, the bone consists of two components, a body which 
is a true tarsal element and corresponds to the centrale of the lower 
vertebrates, and a tuberosity which, as regards its morphology, is 
doubtful, and not infre({uently is separate in its ossification. 

Secondly, as an outcome of its cartilaginous state during the first five 
or six years of life, the navicular, whilst in a plastic state, is subjected 
to the tension and strain of the structures attached to it, and to the 
preasure transmitted to it from its neighbours. In conse(|uence, it is 
moulded into sha^jcs more diverse than those of any other tarsal 
clement. 

Lastly, it presents an interesting contrast to its homologue in the 
upper limb. As a result of its position near the summit of the arch 
of the foot, of it's situation just in front of the transverse tarsal joint, 
from the fiust that it is late (comparatively) in its ossification, and at the 
same time gives attachment to a powerful muscle, the bone is bold in 
outline and fairly massive in conformation. Its homologue in the human 
manus is insignificant in size and contour, and its separate existence is 
transitory. 

The specimens which I was able to examine (about 600 in numl)er 
were from the collection of Egyptian bones in the possession of Professor 
Macalister. It was at his incentive that this paper was written, and I 
take this opiK)rtunity of thanking him for permitting access to his rich 
store of material, and for many kind suggestions. 

I must also thank l)r Duckworth for allowing me to describe the 
anthropoid navicular bones in his possession. 

1 am much indebted to Miss Elizabeth Dale for the care she has taken 
in making the drawings from which the illustrations were prepared, 
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NomendcUure, 

The names which I have chosen for the bone and its surfaces are mostly 
modifications of those agreed upon by the Basel Convention, together with some 
of tbe tenns introduced by Professor Pfitzner in his brilliant and laborious jmper on 
the 1x)nes of the foot. 

I have described the bone as consisting of a chief part or corpus — the os 
naviculare, which corresponds to the centrale of lower vertebrates — and a tulierosity 
(tuberositas ossis navicularis) whose nature is unsettled. To the latter of these 
components an additional element, the tibiale externum, may be added, as Professor 
Pfitzner has pointed out. 

The lutmes in use for some of the surfaces in most English text-books are not 
in all cases quite accurate. For instance, since the long, axis of the bone is oblique 
rather than horizontal, it is better to call the superior surface doitnil, and sulidivide 
it according to the direction in which its two portions look ; and the inferior, plantar, 
since neither of these surfaces looks exactly in the direction indicated by the names 
— superior and inferior. 

Again, the so-called external surface, which faces the culx)id, is directed as much 
downwards as outwards — facies lateralis or facics ciiboidea is theref4)re, pei'hajis, a 
better' name. 

The names which I have adopteil are as follows : — 



Nomenclature formed on 

the model of the Basel 

Convention. 



Komenolature employed by 
Professor Pfitzner. 



Nomenclature in use in England. 



Os naviculare. 
Processus plantaris. 



Tuberositas ossis 
navicidarifl. 



Naviculare. 



Navicular or scaphoid lione. 



Culx)ide8 secundnrium, also Inferior navicular tubercle 
Kbulo-plantar corner and (liarclaySiuith) or plantar 

latenil plantar process. |X)int. 

Tuljerositas ossis navicularis. Tuberosity. 



Tibiale externum. 



Sesamoid bone in the tendon 
of the tibialis |)08ticus. 



Facies articulnris 

|)i)8terior. 



Os Navioularb. 

Surfacjes, 

Facies articularisi pusttu'ior, 
or facet for caput Uili. 

Facies articularis |N)sterior 
accessoria. This is that 
part of the facet for caput 
tali contributed by 
Pfitzner's cuboidus secun- 
darium. 



Posterior or astragalar sur- 
face. 

This would corres}X)nd to 
that portion of the astra- 
galar surface coiitributetl 
by a large plantar point. 
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Nomenclftture formed on 

the mode] of the Basel 

Convention. 



Kni-.ios articiilaris 
anterior. 



FacicR (lorsaliH 8U]>- 
crior. 

Facies dorssilis modi- 
alia. 

Facies plaiitariH. 



Facics lateralifl. 



Nomenclature employed by 
Profciuior Pfitzner. 

Facies articularis anterior 
medialis, or articulatio 
cuneo-navicularis I. 

Facies articularis anterior 
media, or articulatio ouneo- 
navicularis 11. 

Facies articularis anterior 
lateralis, or articulatio 
cuneo-navicularis Tlf. 

Facies anterior intermedia. 
This is an o(.*casionnl facet 
for the dorsal part of 
cuneiforme I. bipartitum. 



Nomenclature in use in England. 



}■ 



Facies articularis lateralis 
anterior, or articulatio 
cubo-navicularis. 

Facies articularis lateralis 
IHjstcrior, or articulatio 
calcanoo- navicularis. 



The anterior surface for the 
interna], middle and ex- 
ternal cuneiform boues. 



An occasional facet for the 
dorsal part of the internal 
cuneiform. 



Superior surface. 



Inferior surface. 



Cuboid 
facet. 



Occasional 
calcaneal 
facet. 



These, together 
with the non- 
articular part, 
constitute 
the external 
surface. 



Facies anterior. 



Tuberositas (^ssis Navicularis. 

Surfcuxs, 

Facies articularis inferior, 
which is an occasional 
facet for thi» tibiale ex- 
ternum. 



Facet f«)r Heatuudid bone in 
tibialis |K>8ticU8. 



Facies articularis tuberosi- Occasional facet for a^tra- 



tatis. 



gains. 

This is continuous with the 
anterior surface for the 
cuneiform bones. 
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ire fonnad o 
the model of Uie Uosal 
Ouiivention, 

Facies dursalis. 



Faciea planbiris liiter- 
ulia. 



Fauiea pltiiitaris in- 
f«iior. 



Nomencleture in uao In Bliglauil. 

This JB a coiitiniialion of tliu 
ilonal aurfnco of the body. 

Tliiii is contiinioiis wiili tlie 
planUir Burfaco of tlie body. 

Tins Joins thu het two of tliu 
above surfaces. It foniis 
the inner anil under sur- 
face of the tulierosity, i.e. 
the " inner end of it ' 



The Os Navichtlabe. 
Fuciat ArtiddariB PiMerior, or Aattyiyalar Sur/iwe. (Figs. 1 to 5.) 
The whole of thia surface iu occupied by the cnpnt t^ili, and am a rulo 



the caput is confined to this area, 
articulates with the tuberosity. 



i cases, however, the caput also 



Fio. 1 — Almost OTiiL 



Via. 2. -Egg-^utied. 



Tlie uliape of the fiuxt. — The facet for the caput tali is generally re- 
ferred to in English text-books as a large oval, conwive facet. Pfitzner 
tiguies two types of surface, a ([uadrilKtcral and an egg-shaped, corre- 
sponding to the two types of ground-plan af the navicular which he 
describes, i.e. a cuboidal and an egg-shaped. 

Ill none of the specimens exaininet) by ine is the astragalar facet a 
perfect oval. It approaches the oval, however, in 33 (Kg ]). It is egg- 
shaped in 85 (fig. 2). In moat cases, however (434), it is pear-shaped (fig. 3) 
In the lost two varieties the narixiw end of the egg or [lear ib direcUd 
towards the tubei'osity. Sometimes (10) it is Hliiiost<iuadrilatera], occasion- 
ally (4) triangular (tigs. 4 and 5). 

In many of the above specimens, the facet described as pear-shu]icd 
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might pci'liapa liave been classed an <|uadri)ntera1 ; it ifl, )iowever, never 
(UMohitely no. Even when the plantai' point (tibiilo-plantar nngle) in 
|m)iniiieiit nud fonnn, Hko the iipex ot the pcitr (tibio-plai)t4ir angle), a 
distinct angle, there is rarely an angle at the fibulo-doraal end, and never 
ona at the tibio-dormi end of the facet {i.e. tlio two ends of the liooe of the 
peur). The niargo doi'naliR p<wterior forinrt one curved boi-der, therefore, in 



WlD-lilintmr uiEla Flbilo domi Biid 

M- planUt point, of biM of ptar. 

Fio. S. — Fur-*hB|>ed. 



■"""«■ ]M>nUrpi.ln(. 

Fic. t. -AlmiHit qiiidrilatenl. Fit). G.— TriMignkr. 

nil cuAcs. In thoae mre cones in which there in a fibii)o-d<n'a)U angle, 
either the alinont <)uadrilatcral type of fncet is present, or, when the 
inargo dornalin [(osterior is very short, the whole facet in triangular, with 
its apex at the plantar |M>int and itn baae formed by the gently curved 
inargo doi-salin posterior (figs. 4 and 5). 

According to IMitzner, the difference in the ground-form of the navi- 
cular, and consequently the difference in the shape of the surface for the 
caput tali, depends u{>on the absence or presence of the lateral plantar 






260 Mr T. Manners-Smith 

process or plantar point ; in the fii-st case, we have the egg-shaped, in the 
second tlie cuboidal, gi*ound-plan. 

He states that tlie projection of this part of the bone 4uust at once 
arouse the suspicion that we are dealing with an inconstant, originally 
independent part of the skeleton, and that this portion of the navicular, in 
reality, is formed by the assimilation of an inconstant tarsal, namely, what 
he calls cuboides secundarium. If this be so, however, we should expect 
the process to remain separate in some case& In none of the specimens 
which I examined did I find the plantar point existing as a sejiarate 
ossicle, but in one I found a trace of a suture on the facies articularis 
posterior and facies lateralis articularis anterior (cubo-navicular articu- 
lation). The facet for the cuboid was subdivided by a groove into two 
facets; the groove was continuous with the suture on the astragalar 
surfiice. 

Gruber mentions three similar cases, and PHtzner conjectures that this 
arrangement indicates a separation of the joint between the navicular and 
cuboid from that t)etween culxiides secundarium and cuboid. 

The large size of this process, however, in the cuboidal type of bone can 
be explained e(]ually well mechanically as morphologically. It must I>e 
remembered, in dealing with this lx)ne, that it is later in its ossification 
than any of the other tarsal Ixines, and thivt the child is walking from alxmt 
the second to the fifth year with its navicular in a cartilaginous condition. 
During this period, the inferior calcaneo-navicular ligament is exerting 
traction on the plantar point, and in this way, supposing the bone ossifies 
late, and the child is particularly active, the point might easily be drawn 
out into a prominent process. Its nipple-like appearance in many ciifics 
certainly suggests this mode of origin. If, on the other hand, this jMjint is 
the representative of a separate tarsal element, the tension of the above 
ligament, by keeping up frequent movement during the early years of 
childhood, ought certainly, in some cases, to perpetuate the separate 
existence of this part of the bone, and we should therefore expect to 
iind it occasionally as an independent ossicle, as is sometimes tlie case 
with the tuberasity. As stated above, however, and as Pfitzner admits, 
it has never been found as a separate ossicle in man. For the decisive 
answer to this question, Pfitzner ol)serves that we must look to embry- 
ology. Until an enormous number of fd^tal tarsi have been examined, 
the question as to whether this process is a separate element or not 
cannot be set at rest ; but it is significant that the cartilage is a single 
continuous mass apparently chondrifying from a single centre. Though 
Gruber's three cases, and my own mentioned above, certainly lend supi)ort 
to Pfitzner's theory that the plantar point is the representative of a 
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separate tarsal cleiiioiit, at prescKt the evidence ia too moa^i-e to warmut us 
in aceeptiiijr Pfitzner'n view. 

The plautar [Mint is wuti developed in most canes; very Hniall in some 
of the speciinenu, and iii a few alwent. There are two types of plantar 
point — ((') the spur-like or nipple-liko, {!>) the rounded. It was spur-like or 
nipptc-like ill -'tIK H|H]cinionH, and romidnl in \'H. It iip|)earK to he Ixstter 
doveluiHid iu tlieae ancient bones than in modern specimens. 



Fio, a.—Klntleiiod. Flo, 7. — Concavity ii cliiolly in loug <lUin«tor. 



Since the point gives attacliinent to the inferior cal can co- navicular 
ligament, we should expect it to vary directly in size with the development 
ot this ligament. The process, when well developed, may cnci-oach upon 
the facies articularii? posterior, and help tli« inferior aileancu-navicular 
ligament to support the head of the bvlus, extending bt^neath that stnicturo 
in a bracket-like manner, and at the same time dce^Ktning tlie articulation. 

Tlie Nature awl Depth of the Concavity. (Figs. G to 9.) 
T'his varies considerably in different specimens. In a few cases it is 
almost absent, the fncics articularis {tostcrior being nearly Hat. There are 
two types of concavity : — 
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(a) That with an increase of the concavity in the long diameter, whicli 
depends upon the extent of projection backwards of the upper and outer 
part of tlie margo dorsalis {X)8terior (the margin of the broad end of the 
pear-sliaped facet for caput tali), since the tibio-plantar angle (narrow end 
of the pear) projects considerably backwards in nearly all cases. 

(b) That with an increase of the concavity in the shoHer diameter, 
which, in turn, depends upon the projection towards the posterior surface 
of the plantar point. 

When the concavity was especially deep, the increase in most cases 
(238) was in the longer diameter only, in the shorter diameter only in 55, 
in both diameters in 82. It is interesting to compare the type of concavity 
in man with that existing in the Simiidft) (fig. 18). In all four genera the 
depth of the concavity is chiefly in the long diameter, and the planttir 
point does not extend towards the facies articularis {)osterior, but is small, 
and is contined to the facies plantaris. Since movement at the astragalo 
navicular joint in the SimiidaB is especially free, the view is rather suggested 
that a deeply concave surface for caput tali, in the long diameter, in man, is 
also correlated with great freedom of movement in a lateral direction at 
the same joint, and dislocation is thereby prevented during the side-to-side 
movement. The depth of concavity in the shorter diameter, as in the above 
55 cases, since it is dependent chiefly cm the projection of iim phuit^ir |N>int, 
and is not found in the Simiidie, is possibly correlated in man with a high 
and stable tarsal arch. 

Anterior Sv/i'fcice, Facien Articularis Anterior. (Figs. 10, 11, and 12.) 

Usual description : '' Is furnished with a semilunar articular area 
which is sulxlivided by two faint ridges into three wedge-shaped facets " 
(Cunningham). ** An oblong-shaped anterior surface, convex, and divided 
by two vertical ridges into three facets" (Morris). " It pi-esents anteriorly 
a convex surface divided by two lines converging Ixslow into three facets " 
(Quain). 

First, as to the shape of the whole surface. Cunningham's description 
is the most accurate; the surface is semilunar. The concavity of the 
half-moon is directed towai-ds the plantar aspect. Secondly, as to the 
shape of the individual facets. The innermost, for the internal cuneiform, 
is more or less wedge-shaped, with the apex of the wedge directed towai*ds 
the tuberosity ; the middle facet is also wedge-shaped, with a tnnicated 
apex towards the plantar surface ; the outermost facet is also a very blunt 
wedge in many cases, with the narrow end pointing, as a rule, towards the 
cuboidal facet. 
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AltTlCULATIO OlTNEO-NAVICULABIS I. 
The Focet fin- Infenittl Vnncij'onn. (FigH- 10 and 12.) 
Thero ai-c two cliief typcH of Burftice ; in t)ie uiajority (3!)3), the dorsal 
and plantar bordei'R are on the same vertical level, or tlie dorsal border is 
only nligl)tly niort! [inijectiiig than the plantar. In 187 Hpecimetis there in 
ft aholvirig uwny of this uurface towai'ds the plantar aspect of the foot and 
in the direction of the tuberoaity. In addition, the internal cutieifonn 



Flu. 10. — Qorillk. 



Pio. 11. — Cllimpanxoe. fio. 13. —Man. 

'I'lii' tipiiT-H 10 iitid 1 1 hIiiiv thn ijiiwlrilalcnil, untiuivn Ymcoi U<t ciUtriml cuiirlforin wliloli ii iircapiit 
ill all the Simiidw, Fie. Vi ahowi a sriniilar facet wliieli oecuis sometimef hi man. FigB, 10 
ami 12 also sliun tliu T\Affi at diglit Ftiiliicncs on tlio Tncet for tlio ilit«rliBl cuneirolin. 

fw:ot Ihw often (170) a very nli^ht vcrtioil or ol)lii|tie ridgo, or cininoiicc, 
about it.H middle (HgH. 10 and 12). In Home c(iHe» tlio rid^c or eminence is 
HO Bti-on};ly dcveloiH^l nn to mibilividu tliis mirfuce into two ulmoHt einial 
l>artA. 'J'his ridge probably marks the junction of two comporienta, plantar 
and dofuftl, of the internal cuneiform, which may, in some casen, remain 
sepai-atc. Pfitzner found two surfaces on the navicular at this joint in ten 
Rficcimeus. In those cases where the above eminence is especially well 
develo[H;d, and accom{)anie<l by the above-mentioned shelving away of the 
surface, the internal cuneiform facet is directed very obHijuely, its surface 
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looking Bomewliat downwards. This will have a tendency to thi*ow the 
internal cuneiform, and through it the big toe, plantarwai'ds. This is 
probably correlated with greater freedom o% flexion of the hallux, which 
would be expected in a non-boot-wearing people. 

AUTICULATIO CUNEO-NAVICULARIS II. 

The Facet for the Middle Cuimfo^^m. 

This is also wedge-shaped in most cases, in one trianguhir; the apox 
points towai*ds the plantar surface. 

The surface is either flattened or slightly concave transversely near 
the biise. In nearly all cases this surface sloix^s towards the dorsal 
l)order, just as the internal cuneiform facet sloi)os Upwards the [ilantai*. 
The direction of this surface would make the posterior as[)ect of the; 
middle cuneiform look somewhat downwards, and hence the anterior 
aspect of the same bone look somewhat upwards. This was prol)al)ly 
correlated with more freedom of movement of the second toe in an 
extensor direction, which would be expected in a race not compressing 
their feet artificially. 

In many of those specimens where the above shelving away was 
pronounced there was a well-marked lipping of the lx)ne at the junction of 
the doi^sal and anterior surfaces, i.e. at tlie lx)rder of the base of the wedge. 
It is true that in some of these cases the bone was the subject of osteo- 
arthritis, but there were many instances where the bone had been ap- 
parently healthy. There is a distinct and direct relationship between this 
shelving away and the lipping of the bone in tins situation. 

AUTICULATIO CUNEO-NAVICULABIS III. 

The Facet for tlte External Cuiieifarm, (Figs. 10, 11, and 12.) 

In most cases (289) this facet has the shape of a very blunt wedge with 
the narrow end of the wedge pointing towards the cuboidal facet ; in 59 
ctises it points towards the phintar surface. 

In 189 cases this facet is four-sided, in two penUigonal ; with rounded 
angles near the cuboidal facet in lM>th varieties. This siu*face is either 
flattened or concave. It was slightly concave and four-sided in 53 
specimens. In a few, markedly concave ; see diagi*ain (Hg. 12). 

When the concavity is well marked and this facet is four-sided, we have 
the anthropoid type of articular surface in this situation. It is especially 
well marked in the gorilla, but is present in all the Simiidas (flgs. 10 and 11). 
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Direction of thi^ av/iftvce. — It shelves away confliderably in nearly all 
cases towards the lateral and doi-sal surfaces, so that it looks rather more 
outwards and upwards than in modern l)ones. The outward direction 
would have the effect of throwing the long axis of the external cuneiform, 
and through this the middle metatarsal lK)ne, outwards. The upward 
direction would have the effect of throwing the posterior surfjice of the 
external cuneiform downwards, the ant(».rior surface, and with it the third 
meiiitsirsal l)one, upwards. This is prohablj' correlali'd with greater freedom 
of extension ami alxluction of the middle toe. 



Ftunoj^ Doi'Mtlis {iivperitrr. 

This is that part of the so-called superior or dorsal surface of English 
text-lxMjks whicli looks upwards and outwaitls. 

The most interesting p<jint in connection with this surface is the 
[)resence. in some cases, of a groove which runs obliquely forwards and 
inwarda It was present in 65 specimens. The depth of the groove is 
variable ; it must not be confused with another groove which is occasionally 
present and runs in the opposite directicm — forwards and outwaixls. The 
first of the two grcK)ves is for the attachment of ligaments, namely, the 
lateral (external) astragalo-navicular and the dorsal cubo-navicular liga- 
ments. The second is prol>ably for the tarsal branch of doi'salis pedis 
artery. Iliis artery, howev(5r, is so variable in its origin and course, that I 
was not able to satisfy myself that the occasional groove was a vascular 
one. A third gi'oove may be present, at the junction of the facies dorsalis 
superior and the facies lateralis, and close to the articulatio culK)-naviculari8 
when that articulation is present. This is for the attachment of the 
external calcjineo-navicular ligament. 

Facies Doi'wilis Medialis. 

This is that part of the so-called superior or dorsal surface of English 
text-l)ooks which looks upwards and inwards. 

A ridge is present in many of the specimens (363) on this surface, about 
one-sixth of an inch from the margo doi-salis anterior, and parallel to it; 
Ixitween the ridge and the margin is a narrow groove in most of the above 
(3G3) specimens. This ridge and groove are for the attachment of the 
ligaments connecting this bone with the cuneiform bones. 

In some cases, the above-mentioned ridge is broken by a slight 
depression opposite the middle cuneiform. This depression is in the 
position of the dorsalis pedis artery. I could not be certain, however, from 
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an examination of recent specimens, that the dorsalis pedis artery indented 
the bone here. 

In many cases (238), tliere is a second ridge one-sixth of an inch from 
the inargo dorsalis posterior. It bounds anteriorly a slight groove situated 
between the ridge and the margin. This ridge and groove are for the 
ligaments connecting the navicular with the talus. 

In some cases there is a third shallow groove or depression placed 
between the two ridges, and midway between the margo doi*Halis anterior 
and posterior. 

Fades Lafendis. 

This extends from the facies dorsalis superior to the facies plantaris. 
It is described in English text-books as the external surface, but it looks 
almost as much downwat*ds as outwards. It is rough in most of its extent. 
Its chief points of interest are : (a) the f reijuent presence of a facet for the 
cuboid; (f>) an occasional fticet for the os calcis; (c) a small tubercle, the 
plantar point, which has already been described. 

Articulatw G^iho^uivicidariH. (Figs. 15 to 18.) 

The cuboid facet is situated at the junction of the facies articularis 
anterior and ftvcies lateralis. It is present in 832 specimens, or about 70 
per cent, of those examined with reference to this surface. 

PHtzner found a distinct joint here in 50*4 per cent., Qruber in 455 
per cent. According to him, it is more frequent in the female than in the 
male. Of the 332 specimens in which I found it, 163 out of 274 examined 
belonged to the right, and 168 out of 260 examined to the left side. In 
my specimens, therefore, it appeared to be rather more freipient on the left 
side. Its shape is somewhat variable ; in most cases it is four-sided, with the 
posterior angles rounded oft* (iig. 15). In some of these it is almost s(juare 
(54), in others oblong (4). In some cases (142) it is wedge-shaped, with the 
base of the wedge directed anteriorly (fig. 16). In a few it was semilunar 
(4) or rhomboidal (4). In all cases the bonier which separates it fmni the 
facet for the external cuneiform is sharp and well marked. The facet 
varies in size from a threepenny piece to a large pin's head. Thei-e is 
nearly always a I'ough interval, which is generally depressed or grooved, 
between this facet and that for the caput tali. In some instances the 
cuboid facet nearly approaches the facet for the caput tali, and occasionally 
quite reaches it, extending from the articulatio cuneo-navicularis III. to 
the facies articularis posterior. Not infrequently the facet extends on to 
the plantar point (fig. 17). Pfitzner would regard these cases as due to 
extension of the cubo-navicular joint to a culK)ides secundariuni, 
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Nome athlitional evidence ngniruit hin view in gathered from the fact 
that the ciibo-navicular joint extends on to the plantar point in the 
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Hiinildm, in wliieh tliis prucenn is generally inRigniHuint, docn not project 
U)wai-dn the antragnlar tmrface, and doG» not give a culxiidal outline to the 
bone (fig. 18). 
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Articnhitio Calcaneo-Tiavicularia. (Figs. 13 and 14.) 

This occasional facet for the os ealcis is present in 13 specimens, 
8 right and 6 left. The facet is close to tlie surface for caput tali, 
l)etween the cuboidal facet and the plantar point. Its shape varies 
slightly: in two cases it w<is rhomboidal, in one triangular, in one oblong 
and in one wedge-shaped ; in three cases there was a fairly sharp ridge 
.separating it from the culx)idal facet. Ptitzner found this articulation in 8 
specimens. The presence of this articulation is due, according ta Pfitzner, 
to the existence of a rudimentary calcaneus secundarius which has fused 
with the OS calcis. 

Faciei Plnniarin, 

By this is meant that surface l)etween the plantar ynmii and the 
tul)erositas ossis navicularis It is directed downwards. It presents many 
foramina for nutrient vessels. In most cases it is marked by an i>bli(|ue 
groove, situated at the junction of the tuberosity with the body of the 
bone. This groove connnences posteriorly between the tuljerosity and the 
facet for the caput ttili, and runs oblitpiely forwards and outwanls along 
the plantar surface, to terminate at the margo-plantaris anterior. The 
groove varies in depth in different specimens; in some cases it is almost oh 
deep as the gnK)ve on the cuboid for the peroneus longus tendon. The 
groove occupies the greater part of the inferior surftvce. It lodges that 
portion of the tibialis posticus tendon which passes to the metatarsal bones 

Tnhei'tmtas OssiH Ndmnildris. 

This may I)e considered, from a descriptive point of view, under size, 
prominence, and shape, and from a morphologicail, endmicing the embry- 
ology of the tuberosity, its components and their nature. 

Deii(yi*iption. — In the following acc<mnt I have included as tuberosity 
that portion of the whole navicular wliich projects mesially and plantar- 
wards, beyond a line drawn round the bone from the tibioplantar angle 
(apex of pear-shaped facet for caput tali) to the apex of the facet for the 
internal cuneiform. 

Size, — This may Ik) discussed under (a) the absolute size of the 
tubei*osity ; (h) the size of the tulierosity compared with the size of the 
corpus. 

(a) The tuberosity in some cases is extremely large, in othei*s almost 
absent. Its size depends partly upon the numl)er of morphological elements 
which it contains, and partly on the traction exerted on it during life 
by the tibialis jKisticus muscle. 
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(/)) In Boinc few cnnea, a Inrge bone liod a large tuberosity ; titere is iio 
(lireot relationsliip, however, in most ca^eH, between tlie aize of the corpus 
and tnU'ifwitv, for whiUt some of the miialler bonen have a well- 
»U;velo]Kid pnrcifw, forming, occa'^ionally, one-thini of the whole Iwne, 
in some of tlie lai;gcr tlie tulxii-oaity is insignificant Tliis would be 
uTIjectod fwin the morphology of the tulxtrosity. 



Kl'i. 10 Mirinn tliR Miingatecl tf |w of tnberanily in mnii. KigH. 20 and 21 , tlin til ben wi I inn wi thry 
ntisi ill lhi> jpirillB «iii1 uiiiTninnnv ; (!>.■?'■ 20 iind 21 nlwi Blunt that titr ooricaritj of Hip 
■iirriim For caJHit tali ik in tli» Ikiir dianinler in tliese aninmls. 

Slinfff. — With reference to nhape, there are two chief types of tiil«ro«ity. 

(I) In mimt canea (^t^l) the tuliei-oaity is a somewhat fonr-sided prism 

with the angles i-oniid.Hi off. Of the 3*5. 173 iHjIonged to the right aide, 

172 to the left. In these cases the tnberosity posseHses the following 

snrfaci's:-- 

A riieies anterior, which is continuous with the focies articuluris 
anf^'iio?' of the bo<ly. It is fni|uenfcly marked by a slight groove 
for a ligament Ixttween tlie tnlwrosity and the internal cuneiform, 
vol.. Xl,l, (THIRK HBlt. VOU II.)— .lULY IP07. 'JO 
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A facies dorsalis, whicli is continuous with the facies dorsaiis niodialis of 
the body. It has often a depressed cribriform area for nutrient 
vessels. 
A facies plantaris lateralis, which is continuous with the facies plantaris 

of the body, 
A facies plantaris inferior, joining the hist two surfaces. In some cases 
this surface is very small or non-existent, the facies dorsaiis and 
plantaris lateralis meeting here in a ridge or nipple-like process 
(2) The other type of process is the elongated. This occurred in 109 
cases out of 454 examined with reference to the tul>erosity, or about 25 per 
cent. It occurs with rather greater frequency on the right side than on 
the left, thus : — 

In 2.S0 right it occuiTcd in 06 cases, or al)out 28 per cent. 
,. 216 left „ „ 48 ,. „ 20 „ 

In the elongated typo of tuberositj*^ the facies anterior is non-existent as 
a distinct surface, and shelves away into the facies plant^iris inferior. In 
addition, the apex of the Ix^ne is produced proximally, and generally 
terminates in this dii*ection in a nipple-like manner. It is this variety 
which may carry the abnormal surface, facies articularis tulierasitatis, for 
the caput t<ili. 

The manner of production of these two tyjKis of tulHtrosity will Im; 
mentioned later. 

The apex of the tuberosity may occupy three situations : — 

(a) It may 1x3 situated at a small tul>ercle close to and doi-salwanls of 
the tibio-plantar angle (apex of pear-shaped astragalar facet). This may 
be called the apophysial aiiex. 

(b) It may be situated a line or two on the distal side of and plantar- 
wai*ds of the above tubercle. This may be called the epiphysial apex. 

ic) It may be produced proximally, so as to occupy a position ^ to | of 
an inch posterior to the above tubercle. This may be called the sesamoid 
apex. 

OsHificdfum. 

Anatomists are agreed that the navicular is ossified as a rule from a 
centre which is situated in the body and appears between the third and the 
sixth year — to be more exact, accoi-ding to most British anatomists . and to 
Bi^dard, between the fourth and fifth yeai-s, and according to ilambaud 
and Renault, at the age of from four and a half to five and a half yeai-s. 

The occurrence of the process of the navicular tuI)erosity as an ex- 
ceptional epiphysis, or later as an articulating ossicle, ainnot therefore, as 
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Onil)er RtatcH, be explained from the URiial course of development. It will 
be discussed under tlie next headincr. 



Aforpholoffj/, 

The portion of lx)ne included in the al)ove description as tul)ero8ity will 
be found to consist of a variable lunnljer of elements of different morpho- 
logical value. The evidence derived from those abnormal cases in which a 
srparaU^ ixs.siel(^ is found in this situation would suf^gest that the whole 
tulK»rosity is made up of one, two, or in some cases three components : — 

{(t) A portion near the corpus which is merely an apophysis of that 
IxKly. From this the whole of the fjicies anterior and faci(^8 dorsalis and 
facies articularis are formed, together with a little tubercle at the upper 
|)art of the latter surface and close to the ti bio-plantar angle (apex of the 
pear-shaped facet for caput tali). 

This apoph3'sial element is a distinctly wedge-shaped portion of lx)ne, 
witli its base at the facies anterior and its apex (apophysial apex) at the 
above-mentioned tubercle near the tibio-plantar angle. Its surface for 
articulation (facies articulai-is) or coalescence with the epiphysial part of 
the tulHM'osity is slightly concave, anil has an oval, <|uadrilat<M'al, or circular 
outline, and is it>ugli for the junction of the epiphysial porti(m of the 
tul)erasity (fig. 24). It has generally a raised margin. If the epiphysial 
portion is absent, the so-called facies articularis forms the free facies 
plantaris lateralis. 

(/>) Th(^ epii^hysial 2K)rtion, corresponding api)arently to the naviculare 
secundarium of Oruber. The part formed from the epiphysis is either 
prismatic or oval in shape, the exact shape depending on the presence or 
absence of a third element of the tul)erosity. In the prismatic type it 
p()s.ses.ses four surfaces — a facies articularis which fuses or articulates with 
the facies articularis of the apophj'sial portion ; two surfaces whicli form 
most of the facies plantaris lateralis and facies plantaris inferior of the 
tul)erosit3' ; and lastly, the base of the prism, which is directed bivck wards 
in the natural position of the bone. This is more or less concave, and re- 
ceives the base of the third element of the tul>erosity with which it fuses. 
In the oval type the epiphysial portion is a mere lamina of bone. 

{(j) The last and most variable element of the tuberosity is the so-called 
sesamoid \x)ne in the tendon of the tibialis posticus, which may fuse with the 
tulwrosity. When it is present it produces the tuberosity proximally, and 
is somewliat pea-like in shape, resembling closely the human pisiform lK)ne 
(lig. 2()). It is the presence of this element which gives rise to the elongated 
type of tuberosity described earlier ; with its absence we have the prismatic 
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type. When this eleraeut is present tliere is not infrequently an extunuiuu 
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Fio. 26. 

Fi)^ *21i ami 2S Hhuw ntiarutc nsiticles, uinl tliaiu in a Uuiilnnoy Xu siibdiviiiioii iti \tg. 'lA. tii 
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B, ejiipliyiial ft|>«i ; (J, seiiftiiioid apox. 

of tlie anrfoce for cupnt tali on to tiie tnI>cro.sity (facies iirticulariH 
tuberuHitiititi). 
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The single bono which Pfitzner describes as tibiale externum corresponds 
in shape and position to the parts described above under (6) and (c). It is • 
true that we only jret a single separate ossicle in this position. In one of 
my specimens (fig. 2»3), however, the oasicle was imperfectly bipartite, and 
Pfitzner mentions five e^ses in which it was in the same condition. This 
would suggest th(» view that the single oRsicle niay consist of both of 
the al)ove-mcntioned elements (/;) and (r) fused. It may 1k) conjectured 
from the shape of the articular surfaces, or from the lines of coalescence, 
which element is missing, lus shown in the accompanying diagrams (figs. 24 
and 25). 

Oruljer mentions a case where there was an element apparently corre- 
sponding to my epiphysial portion, which he calls naviculare secundarium. 
It was CiHflrMcrd in the foot of one side and ankyU}Scd on the other. He 
also depicts a navicular with a large migrated sesamoid, and which he 
catitions us against confusing with the above-mentioned naviculare 
secundarium. 

Although, as Pfitzner maintained, the sesamoid bone in the tibialis 
l)<>sticus (tibiale externum, Pfitzner) may fuse and form part of the 
tubenjsity, it probably only forms tin* proximal jHwtion of the tuber- 
osity, and the f)ccasional bipartite condition of the ossicle found here, 
together with the shape of the surfaces of articulation or coalescence, 
w<ml(l suggest that there is another clement l)etween this sesamoid element 
and the apophysial part of the tulxirosity, namely, that which I have 
described as the epiphysial portion. Bardeleben has shown that there is a 
si^paraU^ cartilage at the tuberosity up to the second month of f(rtal life. 
Plitzner, however, apparently would claim this cartilage as the same element 
as his tibiale externum. The matter can only be settled by the examina- 
tion of a large number of yrmng tarsal bones varying in age, preferably 
from the fifth to the twenty-fifth year. 



TiiK Os Naviculauk in Anthroi»()N) Apks. (Figs. 10, 11, 18, 20, and 21.) 

ANTHROPOIDEA. siMiin.E. 

GORILLA. 

Faciei PonterUn\ 

The f)utlino of the surface more nearly approaches an oval than in any 
of the other Simiidje, but is really shoe-shaped in outline, with the heel of 
the shoe directe<l downwards and inwards. 

Depth of concavity. — It is deeply concave in the long diameter, the 






274 Mr T. Manners-Smith 

two ends projecting backwards about equally. There is no gi*eat depth 
•of concavity in the shorter diameter. The plantar point is present, but 
does not encroach upon this surface, being separated from it by about one- 
fourth of an inch. 

Fiiciea Anterior. 

The general outline of this surface is semilunar. 

ArticuUitio cimeo-navietdarls I, — This is wedge-shajxid, and very like 
that variety in man which shelves away towards the plantar surface and 
tuberosity. 

ATiicidatio cuneo-riainctdarw IL — This is also wedge-shaped, and 
shelves away towaixls the dorsum in a similar way to that existing in the 
human subject (ancient bones). 

ArtimiUitio (ni^ieo-iKiuimvluris If I. — Quadrilateral in shape and deeply 
concave, its concavity suggesting the articulation between the os magnum 
and the scaphoid. 

Fiwies Liit&ndis, 

Artictdatio {nibo-^uivictdaris. — This facet forms an oblong figure ex- 
tending from the facies dorsalis superior to the plant^ir point. 



Fades Dortadls tiwpetncrr. 

This is wedge-like in outline. It has a groove near and parallel to the 
margo dorsalis anterior. 

Fdcieti Dorfiidis Medmlia, 

This is marked about the middle by a well-developed ridge which 
commences in a tubercle su|)eriorly. The ridge separates two grooves 
which are situated respectively between it and the margo dorsalis anterior 
and the margo dorsalis posterior. 

Facieti Plantaru*. 

T\\e groove is present, separating the tuberositas ossis navicularis from 
the OS naviculare, as in the human subject. 

Tuberositas Ossis Navicxdaris. 
This is of the elongated type. 
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ANTIIROPOPITHECUS TROQLODYTES, 
Fades Posterior. 



rn 
rii 



This Hurfacc is pear-shaped, and deeply concave in the long diameter. 
The plantar point is small, and does not project towards or encixjach upon 
this surftice, hut helps to supjiort the cuboidal facet. 

Faciei Antei'io^\ 

AH'wnlaiio ciinro-navicuhiris /. — This is wedge-shaped, and shelves 
away considerably towards the plantar surface. 

Afiicidntv) cnvcO'iutvicnlaviM II. — This facet shelves away consider- 
ably towards the dorsal surface — much more so than in the human subject. 

AtiimiUitio ciineo-navicidaris III. — This is a (}uadrilateral facet, and 
is deeply concave. 

Fades Do7*H(dis Snpevi(yi\ 

Very small iu extent : not grooved. 

Fades Dorsalu MeduUis. 

There is a well-marked ridge on this surface, which corresponds to that 
ridge in the human subject which is near the margo dorsalis anterior ; 
there is a depression behind it close to the facies posterior. 

Fades PUiniai'is, 
There is a very narrow oblique groove between the body and tuberosity. 

Fades Latei*fdw. 

Artlrididw cid)o-nnvieul4vris. — The articulation occupies the whole of 
the surface and encroaches upon the plantar point. 

Ttdyeros-ita^s Ossis NadciLlari*<, 
TWiH is four-sided ; the apex is somewhat blunt 

SIMIA SATYRUS, 

Fades Posterior, 

In shape it is almost oval. It is deeply concave in the long diameter. 
The plantar point does not encroach upon this surface. 



-: — - k^«'--jk. 
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Fades Anterior. 

ArticiUatio ctvneo-navictUaria /. — This facet is wedge-shape^l, and does 
not slielve away towards the plantar or dorsal surfaces. It shelves away 
towards the tuberosity. 

Artimdntio cuneO'TUtniciUaruH II. — This p*irt slopes away considerably 
towards the dorsal surface. 

ArtioiUiUw cuneO'iutvictUiiris III. — This is quadrilateral in shai)e 
and is deeply concave, as in the gorilla and chimpanzee. It looks forwards 
and outwards. 

Fades Doi*mdis Superior, 

Oblong in shape: possesses a slight groove near the uiargo doi-salis 
amterior. 

Fades Ikn'sdlis AledUdis. 
Passesses a slight ridge separating two grooves, as in the gorilla. 

Fades IHantaris. 

There is no groove on this surface between the body of the bone and 
the tuberosity, a^ in the gorilla. 

Fadeti Lateralis, 

Articulatio cubo'iuvvicularls, — This facet is somewhat wedge-shajxid, 
with the broad end of the wedge supported by the plantar point. 

Tnlw^nmtas Ossis NavicidariH. 
In this family the tuberosity is either small or non-existent. 

HYLOBA TBS, 

Fades Posterior, 

Oval in shape and deeply concave in the long diametiir, in eonHe(|uenco 
of the projection of the tuberosity backwards and upwards. The tuberosity 
therefore helps to support the head of the astragalus. 

Fades Anterim\ 

Articvlatio citneo'iuiineidaris I and II. are flatter than in tlie other 
anthropoid apes examined. 

Articulatio (nineo-oiaviculains III. is slightly concave and somewhat; 
wedge-shaped. 
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Fnviea Ihn'HtdU Siq)erior. 
Oblong and smooth. 

Fitvien Dorsalln MetlvdiH. 

Tliere is a sliglit conaivity crossing the lx>ne, from the niargo dorsalis 
anterior to the niargo doi'wilis ixwterior. 

Faciei PUintar'u*. 
There is no obli([ue groove on this surface. 

Ttd}erosit(tH OhsIh Nnvicidarw. 

The tulKirosity, tliough small, is prolonged proximal ly, and hel|js to 
sup|)ort the head of the astragalus. 

Knmviiii*y of ike mtftii Jnfevr»iivif PorUv-ulavH obsevfjed in flw. 

SjmyivteiiH examined. 

(1) The variability in shape and the two types of concavity of the 
fjtcies articularis jKxstc^rior. 

(2) The encroachment of the phintar point on this surface, and its 
projection upwards and backwards beneatli the caput tali. 

{*i) The presence of a faint suture between the astragalar surf«ice of 
phintar \x)mt and the rest of the navicular surface for caput tali, in one 
specimen. 

(4) The plantar point appc^ars to be better develo[)ed in these l)ones 
than in modern specimens. This is proI>ii))ly cori*elati»d with a higher 
tarsal arch. 

(6) Increase of concavity, in the long diameter, of the facios articularis 
|M)sterior, is probably correlated with freedom of movement at this joint. 

(6) The two types of surfaces at the articulatio cuneo-navicularis I, 
Lf\ the flattened and the ridged. 
^ (7) The shelving away of the surface for articulatio cuneo-navicularis 

J I. towards the margo dorsalis anterior. 

(8) The gieat shelving away of the surface for articulatio cuneo- 
navicularis III. towards the facies laterali.s. 

(0) The frecjuent presence of a quiulrilateral and concave surface at 
•W articulatio cuneo-navicularis III., as in the Simiidje. 

(10) The grooves on the facies dorsalis superior. 
^\> (11) The two ridges and grooves for ligaments on the facies dorsalis 

medialis. 
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(12) The frequent presence (70 per cent.) of the articnlatio cubo- 
navicularis. 

(13) The extenmon of articulatio ciilx)-navicularis on to phintar {K)int 
in some cases. 

(14) In one of the above etudes there was a slight gap l)etwecn the jmrt 
of the cuboidal facet contributed by the phintar point and that contributed 
by the rest of the navicular. 

(15) The occasional presence of an articuhitio calcaneo-navicuhiris. 

(16) The existence of the tuberosity as a separate ossicle in some cases,, 
and the shape of the articulating or coalescing surfaces. 

(17) Evidence suggesting that the tul)erosity consists of three elements 
in many cases — an apophysial, an epiphysial, and a sesamoid. 

(18) The two types of tulxirosity, the prismatic and the elongated, 
these iK^ing dependent upon the morphological (dements which the 
tuberosity contains. 

(19) The occasional presence of a facet for caput tali on the posterior 
and outer surface of the proximal part of the tul)erosity (facies articularis 
tuberositatis). 

(20) The fact that the concavity of the facet for Ciiput tiili in antliro- 
poid apes is chieily in the long diameter. 

(21) The quadrilateral concave surface of articulatio cuneo-navicularis 
III. in the same animala 

(22) The small size of the plantar point in all the Simiida), its non- 
encroachment on the astragalar surface, and the fact that it often supports 
the articulatio cubo-navicularis. 

From the above summary it is evident that the navicular bone offers 
many interesting points for our notice. Some of these characteristics are 
mainly of morphological import, such as the number of elements included 
in the tuberosity, the occasional existence here of a separate ossicle, the 
nature of this ossicle and its relationship to Ptitzner's tibiale externum. 

Others are suggestive of a mechanical significance — for instance, the 
shelving of the cuneiform surfaces, which is apparently more marked in 
these Egyptian bones than in modern specimens. This was probably 
coirelated with greater freedom of movement of the digits, which in turn 
was no doubt dependent upon the fact that the feet of these ancient people 
were not compressed artificially. 

The plantar ]K)int is probably dependent on ti-action or a traction 
outgi'owth, unless we adopt Pfitzner s view and regard it as the repre- 
sentative of a separate tarsal element. It has also a purely mechanical 
function, supporting the arch of the foot in a bracket-like manner. 

Lastly, certain features are of both morphological and mechanical 
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interest, such an the 8ha])e of the articulation for the caput tali, and the 
nature, direction, and depth of this concavity in man and the SimiidaQ: all 
of these characteristics b(*.ing correlated with the extent and variety of 
movement at the transverae tarsal joint, in man and the anthropoid apes. 
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VARYINCJ POSITIONS OF THE CARPAL BONES IN THE DIFFER- 
ENT MOVEMENTS AT THE WRIST. By Hbnhy M. Johnston. 
M.B., Chief DeDuniatvatui" of AnaUfiHy, Trinity ColUnjt, IhtUin, 

Part II. 

(a) Palmak and Doksal Flexion. 

(h) Radial and Ulnar Flexcon comhined with Palmar and 1)or.sal 
Flexion. 

In Part I. of this couiinuiiication {Jinvnud of Aiuit avd Pliytt., vol. xli. 
p. 100) there will be t'ound an iiccount of the method employed in this 
investigation. The relations of the carpal bones to one another were 
described in four jMJsitions of the wrist-joint, viz., exUinsion, slight uhiar 
ilexion, complete ulnar, and complete nulial Ilex ion. 

In this, the second part of the conniiunication, si)ecimens will Ix: dealt 
with which illustrate palmar and dorsal ilexion, and combinations of these 
movements with radial and ulnar flexion. The varying positions of the 
carpal bones in pahnar and dorsal ilexion have not been very fully investi- 
gated. Other authors have directed their attention mainly to the move- 
ments of radial and ulnar ilexi(m. This is due to the diHiculty which 
exists in obtaining satisfactory X-ray pictures of the Ikjucs, when the hand 
and forwuin do not lie in one plane. H. Virchow * has given an account 
of the changes in |)08ition assumed by the scaphoid bone in pahnar and 
dorsal ilexion of the hand, estimating these changes l)y driving pins into 
the various bones at right angles to their surf<u;e planes. His sptH'inhins 
were prepared by the frozen method. With the exception of Virchows 
figures but few illustrations exist of the wrist-joint in varying degrees of 
antero-posterior ilexion. When looking at the drawings illustrating this 
paper, it is necessary in each ca.se to be^ir in mind the angle of deviation 
of the hand from the straight {Kmition, lK>tli in an antero-posterior and in 
a lateral direction. Hiis is the more necessary as several of the drawings 
show the preparations viewed somewhat from the side. 

1 « Die Weitei*drehung des Naviculare carpi bci Dorsal flexion " Verh, Anal. Ge$, 16, 
Vew7. 
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DESCRtPTION 4IF PREPARATIONS. 
Left Wvijtt in Full I'ldmur Fl^^rion. 
iSVr-H/i-oire /Ae/fvm( (fig. !)).— A cuitairi (iinouiit of ulmir flexion will bo 
noticed ticcoinpni lying t)ie {Milnmr fluxion, for it in inipowtiblc to prevent 
tliin when «iiy gi-eiit degree of pntiniiv flexion bikvH \>\\K,t'-. Very little 
nrticiilav ctiiiilngc in viHllile, luit ii g(MNl ilvrvl oF tlie cRitilngi* on the inferior 
Hnrftice of t)ic rtulinn in fni;. unil overhmigR the Kciiplioid nnd hninr in front 
(not shown in iig. !l). The fowt on the lower en<l of the riulllis for the 
setipltoiil l«tni; is tnnch nioru uncovered tlinn that for the liiiinr (we 
ditigriini), the gn'ntost ninmnit iR-ing exposerl on'the i-adiul mde of tlie 
n<ljtt^ whieh divides the inferior Kinftuse of the nuliuR into it« two faoetH. 



Dinfcmm to hIiow tlie reliitioiiiihi)< of tlio Inner ui<|>ect of tlie 
nuliiis lui'l trinii)(a1ar Hl>r(i'cartilaf{a tu tlie lirat roir <il 
mt\w\ \)on<* in (till inlinar flexion. Tlie »reM not <)'<tt«l 

K, I,. corrcaivHiil to portluiin <»f VagMi inicofErcU Xvj luphald mimI liriuir 
Iwim mjicotlfrly; C, Indtrntn tha area on Ilia Jom-r «pci:t ur the 
trknfiiliir arlllaiv T, whluli It Irei' : A, anterior «ilKe uf the railliu ; 
P. |HHit«r<or flilga riltlia nulliii; V, lijltM pnicru of the iilnri. 

'Die fiu-et fur the liomr l)one ih niOKt expiiruMl itt the nliiiir nide. A coHflidet- 
able [HU't of the inferior HUrfitce iif the trinngnlitr Klno-ciirtila^ m free in 
fnnit, owing to the l>nckwitttt inoveiiient of the liitmr nnd pyrninidnt iNiiieR. 
The lnn»r will Ix; foitiid to touch the anten)-(K)Rtcrior ridge on the lower 
i-nil of the radina, .prnt an, it does in nlnar flexion ; and the jKirtion iif the 
facet for tlie ncaphoid on the imliita which is not free, is covered by the 
mipL'rior ncnpho-luimr ligamout and by [tart of the superior luticiilur surface 
of tile RL-ajihoid (jone. All the first row of carpal bones are markedly vohtr 
flexed, Dili) tliis condition 18 inusl noticeable in the ca-ie of the scnphoid 
Ixiiie 1/ (see fig. 9). Its tubercle haa travelled forwaitls and upwards to 
such an extent that it lies iu front of the anterior eilge of the lower 
extremity of the radius; consequently, the part of the scaphoid whicli 
beaix the soniilniiar facet for the lunar bone hitx l)cen thrust far liack, and 
very little of the scaphoid is sceti from the front. The ligamentous con- 
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nectiou between tlie scaphoid and lunar bones causes the latter to become 
volar flexed ; but, owing to the laxity of these ligaments, tlie Innur bone 
does not move so far backwards as the scaphoid, and consequently, the 
semilunar fiicets on these bones having moved on one another,.a strip of 
the articular cartilage on the lunar bone is exposed in front Thi» move- 



AmoanlDl palnurllHlinintO'. 
Anwuiit Dl uliMT fl*ilna-lli'. 

ment between these two bones of the tirst i-ow was not foimd to take place 
to any appreciable extent in radia) or uhiar tiexiun. 

At the uiid-carpal joint we notice the trapezium and trapezoid bones 
accurately meeting the scaphoid, and no articular cartilage is exposed; 
but in the cose of the articulation of the scaphoid bone with the os magnnm, 
a small portion of the concave articular facet of the former is exposed in 
front of the upper part of the head of the latter bone (not seen in drawing). 
TIte head of the os magnum shows no articular cartilage in front, but thu 
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concave facet on" the inferior snrface of the lunar bone is free in front to 
the extent of 2 nun., measured from above downwards. Examining next 
the articulation between the unciform and lunar bones, we find that their 
articular facets just touch, and no articular cartilage of either facet is 
visible. Finall3^ Ijetween the unciform and pyramidal bones we notice 
imperfect coaptation, a strip of cartilage on the inferior surface of the 
pynimidal being free in front. If the Joint between the os magnum and 
unciform be examined, wo see that the oa magnum, having volar flexed 
more than the unciform, a gliding movement Iwus occurred between these 
two l)ones. At the upper part of the articulation between them, a strip 
of cartilage, 1 mm. in breadth, lx»longiiig to the articular facet on the 
unciform, is exposed (not seen in drawing). As regards the pisiform bone, 
in this position of the hand it is separated from the pynimidal at least 
5 mm., being lifteil off the latter by the action of the flexor carpi ulnaris 
muscle. 'I'his is permitted, as the capsular ligament l)etween these bones 
is very lcK)se. 

Seen from Iwhind (fig. 10). — By far the most striking feature is the 
large amount of articular cartilage exposed. The scaphoid lx)ne shows 
the greater part of its superior surface, the ulnar extremity of this surface 
being alt<3gethcr out of contact with the inferior surface of the radius. 
When the wi*ist-joint in the living subject is examined in palmar flexion, 
the superior surface of the scaphoid bone, covered by the soft tissues, forms 
a marked projection which can rejulily Ik; seen and felt on the bock of the 
carpus to the ulnar side of the line of the tendon of the extensor longus 
pollicis muscle. The lunar bone also shows on its superior surface a 
considerable amount of cartilage, which is out of contact with the radius. 
Between the constituent bones of the first row we have, as on the palmar 
aspect, evi<lence of the movement lM»t\v(MMi i\m scaphoid an<1 hiiuir men- 
tioned above ; and the scaphoid, besides gliding backwards on the lunar bone 
has separated from it posteriorly as much as the connecting ligaments will 
permit. A greater amount of articular cartilage is exposed at the mid- 
carpal than at the radio-carpal joint. Between the scaphoid, trapezium, 
and trapezoid bones, the transverse furrow described in Part I. lies wide 
and deep, and its lx>undaries in the deepest parts are formed by the 
opposing articular facets of those Ixmes which fail to meet posteriorly. 
1'he part of this furrow corresponding to the interval between the 
tra}M»zium and scaphoid lK)nes is rather shallow. The furrow is closed at 
il« ulnar extremity by the head of the os magnum, and here its upper and 
lower boundaries are fornuid by the oppixsing facets for the trapezoid and 
scaphoid bones. The ulnar end of the furrow corresponds to its widest 
and deepest part (10 mm.). The scaphoid l»one, l>esides leaving bare an 
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extensive area on the aide of the head of the oa magnum, also leaves an 
area 1*5 mm. in extent exposed on the summit of the head of the os mag- 
num at the radial side of the radial ridge on the head. More anteriorly, 
however, the sctiphoid bone meets the radial ridge exactly. Turning now 
to the joint between the lunar bone and the os magnum, we find that 
these l)ones are separated posteriorly by a slight gap, but at the I)ottom of 
this they arc in close contact with one another Fully \) mm. width of 
cartilage on the head of the os magnum is exposed. Perhaps the most 
remarkable feature remains to be noticed. The slight furrow between the 
lunar bone and the as magnum is continuous with a very broad and deep 
cleft between the unciform below and the lunar and pyramidal bones 
above. This space at its widest part, i.e. between the unciform and lunar 
bones, is 8 mm. across, and before a depth of 10 nun. is reached, tlie bones 
do not come in contact. The lower b<mndary runs from Ixihind forwards 
and upwards, while the upper side of the cleft extends more directly 
antero-posteriorly. Between the pyramidal and unciform the interval is 
not so deep, and it is clased on the ulnar side by the meeting of these two 
Ix)nes. This interval between the two rows of carpal bones at the ulnar 
side is quite evident in the living subject when the dorsiil surface of a 
palmar flexed wrist is palpated. If, however, p^ilmar flexion is complete, 
the ligaments (d) are tightly stretched over the space and render the gap 
less easily appreciated. Between the unciform and the os magnum there 
is evidence of the gliding movement that htis occurred at this situation 
(p. 288). 

Summary of Important Cuangks in Palmar Flexion. 

1. Complete palmar flexion is always associated with some degree of 

ulnar flexion. 

2. Owing to the extensive palmar flexion of the flrst row of bones, 

especially of the scaphoid, a considerable area of the inferior 
articular surface of the radius is exposed in front. 

8. Evidence of movement between the semilunar and scaphoid and 
l)etween the unciform and os magnum. 

4. The large amount of the articular facets on the bones exposed 
lM)steriorly is characteristic of palmar flexion, and the intcrvaU.s 
left lx3tween the two rows of ciirpals at the radial and ulnar side 
of the wrist are also noteworthy. 

Notes on some of the ahiyve Changes. 

1, 2. The action of the flexor umscles causes the trapezium and trapezoid 
to come forward, and as a result of this movement the lower end of the 
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scaphoid is pushed upwards and inwards. At the same time the upper 
end of t)ie scaphoid lx)ne moves backwards and outwards, and tlie lunar 
is drawn lus far to the radial side as the antero-posterior ridge on the 
inferior articular surface of the radius will permit. Hence as much ulnar 
flexion takes place at the rmlio-carpal joint as is possible. The flexor carpi 
ulnaris not only causes the unciform to flex, but also to glide upwards and 
btickwaitls on the pyramidal bone (thus assisting in the volar flexion of the 
latter), till its movement is brought to an end, when it comes into contact 
with the lunar. This movement of ulnar flexion at the mid-carpal joint 
tends to cause the tubercle of the scaphoid to move downwards (see 
Part I., p. 1 16). The scaphoid is thus subject to two opposing forces, and 
the movement of palmar flexion is brought to an end when these two 
foi-ccs are of equal amount. 

Left Wt'ist in DothuI Flexum. 

In this specimen about 5-10 degrees of ulnar flexion is present along 
with the dorsal flexion, but owing to the fact that the specimens were 
drawn tw viewed, somewhat from the side, a much greater amount of ulnar 
flexion is suggested. In life the wrist can be dorstilly flexed to its full 
(*xtont, and still the third metiKMir{)al can Im maintained in line with the 
central axis of the forearm ; but when the hand is placed in a dorsiflcxed 
I)osition, it tends to deviate slightly to the ulnar side. 

Seen frmn tlie front (tig. 11). — Marked dorsiflexion of the bones of both 
rows is seen. The change in position of the scaphoid bone is most marked 
(compare figs. 1) and 11). The tulx5rcle has been drawn downwards to so 
gnyit a degi-ee that a very large area (10 nnn. across) of the articular 
facet for the radius is expased. The lunar also shows an extensive area of 
articular cartilage, broadest towards the radial side. This bone, as well as 
the scaphoid, is slightly separated from the lower end of the radius in front. 
The lunar completely occupies the quadrilateral articular facet on the 
inferior surface of the radius, and the radial end of its superior surface 
touches the antero-posterior ridge on the radius. The tiret row of bones 
therefore, as regards their relationship to the radius, are in a position of 
ulnar flexion. The scaphoid and the lunar bones are separated from one 
another and the ligaments uniting them are stretched. The semilunar 
faeiits on these bones correspond. At the mid-carpal joint passing from the 
radial to the ulnar side we see a portion of the superior facets of the 
trapezium and trapezoid bones exposed. The head of the os magnum has 
come forwards so far that it has cartilage exposed on all sides. Especially 
noteworthy is a snuill area in front of the unciform (compare p. 283), the 
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presence of which proves conclusively that in the passage fi-oin palmar to 
doi'sal tlexioii a distinct gliding itioveinent of a rotatory iiatnru tuM-tm place 
between these two bouea. Turning how to the articulation between thu 
unciform and lunar bones, we Hiid that they fail to meet, and a gap 15 mm. 
across is left between them. Tjastly, the unciform is very imperfectly in 
contact with the pyramidal ; its hook hoA moved far downwards and back- 
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wards, and the articular surface for the pyramidal bone is vomptetuly out of 
gear at the ulnar margin of the wrist. 

Heeii fniiii lieliiiid (Kg. 12), wo notice how clasely the lower end of the 
radius approtwlies the metacarpal bones, and the deep and wide furrow 
which now extends across the whole C4irpus [losteriorly. In the floor of 
this furrow, at the radial and ulnar sides of the wrist, we notice two 
secondary furrows, separated from one another by the os magnum. These 
grooves are far leas conspicuous than in the palmar-flexed condition of the 
wrist-joint. At the mdio-carpal joint the scaphoid only exhibits a nari'ow 
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strip of cartilage below the radius, and the non-articular posterior surface 
alone of the lunar bone can be seen. At the mid-carpal joint, the groove 
at the radial border of the wrist is almost closed, but the scaphoid shows 
about 3*5 mm. of articular cartilage at tlie joint between it and the 
trapezium ancl trapezoid l)oncH. The hood of the os magnum is completely 
covrrofl b}'^ th(i lunar and scaphoid lM)nos, together with (in the recent 
state) the superior scapho-huuu* ligament. 'JMie unciform fails to meet the 
lunar tone, and a cleft is also seen between the unciform and pyramidal ; 
but the opposing articular facets of these latter two bones are adapted 
much more accurately to one another than in palmar flexion of the wrist- 
joint (compare figs. 10 and 12). 

SiTMMAUv OF Important Ohanoes in Dorsal Flexion. 

1. With complete dorsal flexion there is about 5°-10° of ulnar flexion at 

the radio-carpal joint. This, by muscular effoii, is capable of being 
neutralised by radial flexion at the riulio-carpal joint, so that it is 
possible to keep the third metacarpal l)one in line with the central 
axis of the forearm when dorsiflexion has reached its full limit. 

2. The change in the direction of the long axis of the scaphoid bone 

is most marked. It is now almost in a line with the long axis 
of the radius. 
'\. The second row of bones is dorsi flexed to even a greater degree 
than the first row. This is shown by the partial exposure of the 
superior facets of the traj>ezium and trapezoid bones in front of 
the lower end of the scaphoid. The long axis of the os magnum 
is almost at right angles with that of the radius, and lies in an 
antero-posUirior plane. The large amount of the cartilage on the 
h(;ad of the os magnum exposed in front is remarkable ; and also 
chanicUiristic of this |H)sition is the extensive area of the articular 
facet on the unciform bone for the pyramidal not in use. 

4. An extensive hollow is formed between the two rows of carpal 

bones posteriorly. 

5. Both on the superior and on the inferior surfaces of the scaphoid 

tone articular cartilage is exposed posteriorly, the amount in each 

situation toing atout e(]ual. 
(J. A very small portion of the lunar tone is seen from tohind. 
7. The furrow on the radial margin of the carpus, between the 

trapezium, trapezoid, and scaphoid bones, is partially closed, and 

on the ulnar side a much smaller interval is found between the 

unciform and pyramidal bones. - 
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ExpUinatwih of smiie of the Glui/iigen, 

The small amount of ulnar flexion present is just that which is possible 
at the radio-carpal joint. If the relationships of the bones at the mid- 
carpal joint seen in this position be compared with those found in the 
" straight pasition " (compare figs. 1 and 11), it will be noticed that their 
relative position to one another is rather similar. For example, a similar 
amount of the articular surface of the imciform for the pyramidal bone 
is not in use, and a gap exists between the unciform and lunar bones in 
each case. The imciform cannot touch the lunar in full doi*siflexion, l)ecausc 
the scaphoid bone is completely doraiflexed. It will be rememticred that 
in ulnar flexion the scaphoid bone requires to be doraiflexed, and hence 
ulnar flexion becomes impossible in full dorsitlexion. The effect of the 
muscles which priKluce ulnar flexion i.s to press the hcml of the os magnum 
against the scaphoid bone. It follows therefore that if full dorsiflexion be 
not present, a limited amount of ulnar flexion is possible at the mid-carpal 
joint. 

2. The change in the direction of the long axis of the scaphoid is due 
f/O the tension of the ligaments uniting it to the trapezium and trapezoid 
bones. 

3. The dorsal flexion of the distal row causes the upper ends of these 
bones to project forward. 

Only a brief account of the remaining preparations will be given. 

Right Wrint-joint in Heiwi-volar avd Uliuxr Flacion} 

The chief differences between this specimen and that of full palmar 
flexion are due mainly to the greater amount of ulnar llexion present. Owing 
to the lesser degree of palmar flexion, a much smaller area of the inferior 
articular surf»u:e of the radius is exposed in front. The tul)ercle of the 
scaphoid is not pushed cpiite so far up, and it lies below the lower edge of 
the radius. As in ulnar flexion the pyramidal lx)ne is found on a plane 
anterior to the unciform, and the imciform has its articular facet for the 
pyramidal Ixme completely covered by the latter. The view of the doi'sal 
surface so resembles that seen in complete palmar flexion that a further 
description is unnecessary. 

Hemi-palviar and Rudml Flexion, 

' Seen fnmi the fnmt (fig. 18). — The position of the tubei-cle of the 
scaphoid is remarkable. It lies in front of the lower end of the radius. lu 

' This specimen diflfered bo very slightly from the specimen of complete pahuar flexion, 
that it was considered unnecessary to reproduce the drawings. 
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no other movflincnt of the joint does it attftin mich n wipoi-ior ponition. 
Tliin is rlno to tite fnrt that in Iwtl) pahnar and i-adial flexion of the wrist 
palmar flexion of tho first row of carpal l)oneR occurs, A part of the 
inrorior aurfnce of t1>c i-adinn in expcwed anteriorly in tin's position of 
the wriat, hnt tow than in complete |>ahiiar flexion. At the mid-carpal 
joint a verv iniprn'tant change is found in the articniatiou between the 
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llexion, mn from the rmnt ndial lleiion, nwn Iroiu twhinil. 

Animint nl toIw tlvilon =- B) , 



stuiphoiil, trnjwzinin, and tra[)e;!oid Itones. The latter two Iwiioa have been 
dtawu well back, pushing the scaphoid forwards so that a considemble 
portion of the inferior facet on the scaphoid is free and can be seen from 
the fi-ont. The apex of the unciform lias rcti-eatcd far from the lunar bone, 
and this allows the head of the os magnum to articulate with the pyramidal 
Ijone {Jimr. Aimt. mni J'lit/i^., vol. xli. p. 121). A large amount of the 
articular facet on the unciform for the pyramidal Ixnie is not in use, 

Smi, f}iim Miiv^l (fig. 14), — We note the extensive area of the superior 
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articular facet on tlie scaphoid bone out of play, and the marked palmar 
flexion of the reumining bonea of the first row. In this position ttte 
trapezoid, trapezium, and scaphoid bones meet exactiy, and thia condition 
was not found in any other position of the wrist-joint. The ucaphoid bone 
is accurately adapted to the oh magnum. Tlio head of the oa inognuni 
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articulates with the pyi-amidal, and the interval iwtween the pyramidal 
and the unciform bonus is wdl mai'kci), these Ikjucs failing to meet at the 
ulnar bonier of the carpus. 

t^eiiii-thtrmd ttiiil Utintr Flrrii'ii. 
Seen from the frtmt (fig. 15). — The appearance of the scaphoid very 
much resembles that seen in tig. 11. Tiio tubercle lias been drawn down- 
waitla ns far aa jHisaihIc The unciform is {Hinnittcd to glide upwai'ds and 
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liackwards im tlie pymmiflal, piisliing Uio latter Iwno fonvards, mid tliia 
allowR nliifvr llexioti at the inid-cnrpal joint to take place. 

Sfni. fmm Mi iiid {ti^. M\). — The gm) between tlie unciform and pyra- 
midal boneR i» almost closed. 



I. 17,--l<«Ftwriiii-j<>iiitiii Demi ilnrwl ami nvlisl Kid. IS.— Uft wriHt-jn 

llcxioii, aeaii rroiii llic Trout. (loxjuii, bo 

AmnHnt(>t (Irnul flaili>n.-^W . 
AmDHnlDlnilliil Railoii:^:!!). 

Semi-ihu'mtl <tvil RaiHid Flexion. 

Scrii fiiim tlir fnmt (fig. 17). — Tlic sciiplioid i« well dorsillpxed, but its 
lung axin ir not in lino witli Diiit of tlio nuliiia The iilniir end of ita 
HiiI>enor artienlar mirface i» in cnntftct with tlic antcroimstcriin' ridge on 
the inferior miifiw;o of the i^adiim. The greatest amount of radial flexion 
(KisHihle at the nulio-carpal joint has taken pliKC. At the niid-eaqtnl joint, 
only a slight amount of radial flexion can take place. Owing to the 
ncaphoiil Inme being doraiflexed, the trapezium and trapezoid Ixincs cannot 
l>e drawn ii|»wai-ds towanla the styloid process of the radius as far as is 
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necessary for complete radial flexion, and the head of the os magnnm and 
the narrow superior extremity of the unciform cannot move sufficiently to 
the ulnar side to allow them to articulate with the infeiior facet on the 
pyramidal bone (Part I., p. 121). The upper extremity of the unciform 
becomes separated from the lunar, and a space is left I)etween them similar 
to that which was noticed in the description of the articulations of tlio 
carpal bones in the straight position of the wrist (Part I., p. 118). These 
facts explain why radial flexion of the wrist-joint is so limited when an^^ 
degi'ee of dorsillexion is also present. 

Seen from behind (fig. 18). — The unciform and pyramidal bones are out 
of contact, and the large amount of the lower articular facets of the 
scaphoid bone, which are exposed posteriorly, confirms the conclusions 
arrived at in the previous paragraph. 

A study of the specimens figured in this communication shows that the 
relationship of the carpal bones to one another is not only in many situa- 
tions of a rather complicated character, but also that this relationship varies 
in many cases with every position of the joint. Between the carpal l)ones 
in a few situations {e.y. between the trapezium and trajxszoid, lietween 
the trapezoid and os magnum, and between the pyramidal and lunar), 
no movement could be detected in any position of the wrist. In other 
situations {e.fj, between the unciform and os magnum, and l)etween the 
semi-lunar and scaphoid bones), a very limited amount of movement takes 
place in certain positions. In other situations the movement at the 
diflerent joints (considering the size of the carpal bones) is of a most 
extensive character, and, as a rule, in these situations some articular 
caHilage is always visible either from the front or from the liack. An 
attempt has been made to show that in the extreme positions of the wrist 
the movement is brought to an end by the various forces acting directly 
or indirectly 4>n the sei\phoid Inme. 



A BRAIN WITH COMPLETE ABSENCE OF THE CORPUS CAL- 
liOSlJM. By John Camkiion. M.I)., D.Sc, F.R.S.E., ^SVnmr 
J)evu})ufti'(tfor of Aimf^nny^ University of MancheMei\ 

I AM indebted tf* Professor Young for having kindly placed at my dispoRal 
the brain which form« the subject of this connnunication. The specimen 
luis hiin in the Anatomy I)c»partment of the University of Manchester for 
stiveral years with the membrane^s intact, so that the records of the case 
have be(^n nnfortiuiatel}' entirely lost. The brain was handed over to two 
of the students for dissection, the absence of the corpus callosum not being 
doteeti'd until the uppiM* part of the left henn'sphere had l)«3<»n i-einoved. 
On a superficial study the specimen exhibited no exceptional features 
l)eyond those usuall^^ associated with deficiency of the corpus c^illosum. 
A closer examination of the limbic lol)e, however, disclosed several interest- 
ing features which were considered worthy of lieing placed on reconl. 

In a certain proportion of the cases of absence of the corpus callosum, 
th(» deficiency has Immmi only a partial one. l^hus, of the thirty euses 
published up to 1888, Bruce (2) found that entire absence (xscurred onl}' in 
fifteen of these. In the case at present under consideration the corpus 
Ciillosum was completely absent. 

The main interest in this specimen is centred in the commissural 
Hti'uctures which are developed in association with the lamina terminalis. 
Thus, in addition to the absence of the corpus callosum, the two lateral 
halves of the fornix are not united together by transveiw; commissural 
fibr(»s, but are merely connected bj^ an exceedingly thin semi-transparent 
membrane. The " fore-and-aft '* fibres of the fornix are therefore alone 
rej)resented. The posterior pillars pass to the uncus as usual. The anterior 
pillars, however, show a difference of arrangement on the two sides. For 
example, on the right side, by far the greater numljer of the fibres ]>ass in 
front of the anterior commissure, wery few coui-sing posteriorly to this 
structure. On the left side, most of the fibres go l)ehind the commissun», 
though a considerable numl>er pass in front (fig. 4). The corpora mam- 
nn'llaria are. well formed on l)oth sides. 

From the outer margin of the l>and of fibres representing each lateral 
half of the Ixxly of the fornix there is an extension outwai*ds of the thin 
membranous sheet already referred to (fig. 3). This can be readily traced 
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to ita termination by blending with the coi'tex o( the cullotuil coiivohitioii 
at the bottom of what corresponds to the callosal sulcus (tig. 4). It accord- 
ingly represents the lamina termlrtalia. Wlien tmced forwunls in tJie 
middle line it blends with the anterior coniniissiire (lig. 2). Fruiu the latter 
structure it passes downwards lia the lauiina eincrea, which is coiinccteil as 
usual with thti optic commisiiare (tig. 2). The lamina has thus i-utaiiuud it>i 
embryonic attacliinents in this specimen. 

Two other longitudinal or " fore-and-aft " systems of tihrus run close to 
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Fin. I. — Outer >utbca iif right IiL'iiiU|i1iure (tliiw-li Ellis imtiiral aiw). 



the outer aide of the fornix, lying more or less jutitillel Ut the latter. The 
band of tibres next to the fornix, when tmci><l anteriorly, hieiidtt with the 
precoinniissural tibres oF the anterior pillar, nun'o luirticiiiarly on the right 
side, the resultant band passing acriisa the anterior [wrforatiid s)H>t to the 
uncus and tiie U:m|K>ral [xtit:. Some of the libivs can aJHO Ix! t'ollowi^l to 
the mesial olfactoi'y root (Itgs. 2 and ;t). I'osteriorty, this .second Hysteiii of 
longitudinal tibres remains distinct fixim the |x>sterior pillar of the fornix, 
though it overlaps the latt^ir slightly (lig. 2). It can Ut tracitd t<i its 
junction with the posterior extremity of the dentate convolution, the latter 
structure being more prominently developed than usual. Tliis band, fi-om 
its anterior and posterior connections, nipresent^ the ab-'m-- iintt/Uiuliiiiifett 
(both mesial and lateral). The band of Giacomini is only faintly discernible. 
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Tlic third or most externally placed band of tibfes lies close to the line 
of jtniction of tlie liunitm with the callonal convolution. It pasnes anteriorly 
to the nntcrior [N^rforiitud npot, uii tlii; Hurfiicu of which it j^itulually bvcoities 
hint. At itH ^xmUiriuf cxtroiiiity it bccunivH intimately asHOcintcd with the 
longitudinal striit (Hg. 3), This clone connection does not exi^t long, how- 
ever, for the united bnnd soon bifui-cntes again into its two constituent 
elements, those fibres belonging to this ontcr set ending in the hippocnuipal 
convolution close to the isthinus (tigs. 2 and 3). The attachments of this 



Kid. 2. — Mi'NisI HiiiTiU'p of ri^lit lii>mii<|>l>rii' (l.lirr'n'riniin iml-iiml xir"). 

outer Ijniid correspond to those of the liiiijulnm, which structure it 
apparently represents. 

The tissno intervening butweeii thw<c three gHtiqis of longitudinal 
tibrcH is thin and translucent, and apparently almost devoid of nervous 
eli-nients. That |)ortio)i connecting the two halves of Uie fornix was so 
delicate that most of it caiiiu away with the pia'niati'r. The remains could, 
however, be i-iH;iigni.swl as a ragged fringe attivchtnl t*) the inner margins of 
the fornix hands, which lloate<l out on immersing the hrnin in lUiid (lig. 3). 

This intimate iiKsociation of the fornix, longitudinal Rtriie. and cingidum 
with the lamina tenninalis' suggests that in this case they hod all been 

I Tlic eitiployiiiGiit of this term for the adiill bmin in, I think, jtiBtifiablc in llie present 
*|<rciii)i.'ii. 
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developed in that structure. The close relationship which the fornix bears 
to the lamina has been pointed out by Elliot Smith (15 et seq.). A diffi- 
culty arises, however, in regard to the genesis of the longitudinal striate and 
cingulum. The usual acceptation is that the former represent part of an 
alK)rted c(m volution belonging to the limbic lol)e (14). The intimat'O 
relationship which the longitudinal striw bear to the fornix in this sj^eci- 
men luis, however, led me to accept Cunningham's suggestion (A and 4), 
that these strife are simply an outlying part of the fornix system. Both 
stria) and fornix, it may l)e noted, normally contain a system of longitudinal 
Kbres ftl/iiM a certain am<mnt of grey matter. 1^hus, in some monkeys there 
is a band of grey matter running along the upper surface of the fornix, 
forming the so-called (jyi^^iH infnualUmuH (14), while the thin lamina of 
grey nnitter in relation to the strite is continuous with the grey matter of 
the callosal gyrus. Zuckerkandl (22 and 2f{) for this reason regarded thcHe 
stria), together with their grey matter, as a degenei'ate convolution (j/y'niM 
ini'praiHillomiH), When Zuckerkandl gave effect to this accept^ition of the 
nature of these stride, the lamina terminalis of His (10) had not ri^teived 
the recognition now so freely accorded to it, so that another explanation of 
the presence of the above grey nnitter is possible in the light of our pr(^sent 
knowledge of this embryonic structure. Thus, if the lamina terminalis of 
a typical mammalian embryo {e.(j, rabbit of the 13th day) Ixi .studied, 
it will l)e found to be as richly endowed with neuniblasts as the neighlxmr- 
ing hemisphere wall, the structural appearance Ix^ing exactly similar in 
lK)th. One can readily trace the separation of tlie cell-elements in the 
lamina terminalis into groups by the development of the commissural 
systems. As a result of recent work in this direction, I am convinced that 
the grey matter in association with the stride and fornix is derived from 
the lamina terminalis, and not inti*oduced from any external source. Hn's 
(juestion will be fully discussed in a future connnunication. 

The close association of the fibres of the cingulum with the stria) in 
this specimen tempts one to include this band also as an outlying ])art of 
the fornix system. It certainly appeai-s in this instance to be an intimate 
part of the lamina terminalis, a fact which is suggestive of its origin in the 
latter. The discussion of this question will likewise have to be iK>stix>ned 
for the present. 

It is of interest to note that absence or deficiency of the corpus callosum 
is apparently associated with absence also of the septum lucidum. At 
least this has been so in the cases recently recorded by Douglas-Craw foi'd 
(6), Elliot Smith ^ and Patten.* Bnice (2), however, in his specimen figures 
an area which he regards as representing the septum lucidum. The 
* Exhibited at the Sunuiier Meeting of the Anatomical Society, May 1906. 
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wplitiii [iit)VL<d to Iw iibHoiit in tlic pi-eacnt owe also. This fact will be 
fouiHl of git'^it nigiiiKcatice wlioii cutisidercd in anBociation with the de- 
v(.rli>]jiiii;rit of tlie soptmii hicidinii, as will bb brought out inoru fully iu « 
BubRcijueiit pairer. 

Tlie probable counwi of duvelopinent in tbi^ Hpeciincii i8 bunt appreciated 
by a Ntudy f>f the developing [ore-bmin, Uith in aninialH wbieh {HtweNH h 
corpus ealloHuni, and in tboae (wieb a» binU) in which this cunniiiHstu-e i« 
atiHoit. In the buinan embryo, as in lower aniuialn, the i-oof-plate of the 
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fore-brain, in fi-oiit of the epipbyHis and HU[)eriur coiiirniHHun', l)ecoine»< a 
simple rpitbelint Ntrtieture aH fiir forward in tbe middle lin<! iiH t)iu 
lamina ti'miinaliR. Practically the wbole of thiH epithelial roof l)eeonies 
invafrinat<'il to form the covering of the vehDu iiiteriHwitum.^ In biiiU (<•.;/. 
the chick) tbin epithelial traimfon nation of the cerebral ixvof-plate gocH a 
dit4tinctKte)i further. The epithelial traiiHformation ban been very extenmve 
in this H[)eci)nen. for it has occurred an far furwai-d in the middle line nn 
the anterior coinniiwiuit^ (fig. 2), »o that we have here a revei'Hion to a lower 
ty[>e of development, involving not only the fore-brain roof-platt\ but also 
a eouHiderable jHirt nf the lamina tenninalia. 

I>i>ugla8-0rawforil (6) bnfi furniBbed a full account of the convolutionn 
ill bit* ciute. 1 hIiiiII therefore l>e content to refer to a few iKiintn uf Hjiecial 
' The }>(irr((i/ijf«u a develoiietl from ihis root in (rout of the vulmn. 
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interest. In the present specimen the convolutions and snlci wei-e studied 
to best advmitjvgo on tlio Hglit wdo, owing to tlic upiKsr inii-t of tliu left 
hemisphere having been removed liefore the condition whs recognised. 
They do not exhibit to uny niarke<l degi-ee the radiating arrangement 
which has Ijeen described by Cunninghain (f) and 4) in brains with absence 
of the corpus callosum. The most prominent features are the simple 
arrangement of the convolutions, as also the numltcr and fantastic shape 
of certain isolated sulci, especially on the outer surface. Two of the latter 
are particularly prominent, and are H-slmped. One is in the right middle 
frontal gyrus, and the other in the parietal lobe immediately above the 
tail of the right [>arallel fissure (fig. 1). Another sulcus, exhibiting striking 
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featnnis, is sit)iate<l in front of the lower (mrt of the right fissure of 
llohmdo, and consists of a grou]* of five radiating sulci. Whim examined 
uvrefutly it may he recognised as consisting of the inferior precentiul 
sulcus liKtiided with the diagonal sulcus. The right fissure of Rolando 
consists of an upper and a lower )imh. The vertical paii of the iiitni- 
parietal sulcus is unnauaHy extensive, and is contiruious round the superior 
Iwi-dcr with a sulcus on the mesial aspect to l>e sul)sei|uently dcscril>ed. 

The limiting salens of Ruil is dec))er than usual, while the gyri of thti 
insula are pi-ominently marked. 

The sulci on the mesin) aspect of the hemisphere possess a radiating 
arrangement, as described hy Donglas-Cnvwfoi-d (6) and Bnice' (2). It is 
interesting to compare these with the snlci in the same region of the frntal 
brain, as Bruce (2) has pvevioiisly done (figs. 2 and 5). It will be found 
that, pi-ior to any great advance in the furinatiou of the corpus cuUosuiu, 
tlie so-called tempnrai-y sulci are arranged in a radiating fashion. Fig. 5 
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sliowH the appcamtice presented by tlie mesial aspect of tlie riglit liemi- 
spliere of a G'5 cm. liuman fo'tiis. By the end of the sixth month the 
corpus callosum has l)ecome well developed, the mesial surface of the 
hemisphere tw a result tendin|/ to he compressed between the corpus callosum 
ancl the cranial vault. This causes obliteration of these temporary radial 
sulci, and the formation of a fresh set of sulci which lie more or less 
parallel to these opjK)Hin^ surfaces. 'Hie calloso- marginal sulcus is one of 
the most im]K)rtant of these permanent sulci, and is usually developed in 
three iNirts — anterior, middle, and posterior (13). These are shown in fig. 6, 
which is the mesial aspect of the hemisphere of a ftptus at the end of the 
sixth month. On turning to the specimen (fig. 2), one can recognise the 
eHect of the absence or deficiency of one of the forces causing the com- 




Kin. 6.— MoHial aK])cct of right licmiRiihcrr (fcctuB nt piid or sixth month). 

pression of the mesial surface of the gi*owing hemisphere referred to above. 
There is the suggestion of an attempt at forming the anterior and middle 
portions of the calloso- marginal sulcus {c.m.^ and ivm.^y The upper part of 
the radial sulcus letten»d r.vi.^ is in the site of the posterior portion of the 
calloso-marginal sulcus; but one cannot state definitelj' whether or not 
this i<»presents the posterior e.Ktremity of the permanent fissure. This 
radial sulcus is continucms round the mesial l)order of the hemisphere with 
tlui upper end of the intraparietal sulcus, the two together forming a very 
tixtensive fissure. The rostral sulcus will be observed to be well developed, 
while the incisura temporalis is particularly prominent (fig. 2). The 
calcarine and internal jwirieto-occipital fissures appear in fig. 2 to be in 
direct continuity; but on opening them up the gyrus cunei was found just 
within, and therefore almost level with the surface. In Crawford's case 
(()) the gyrus cunei comes to the surface, and separates the above fissures — 
a condition which, indeed, appears to be usuallj^ found in brains with 
absence of the corpus callosum. 



Fv% '*'»»<'*^ ^ *.»•*- ^ "- ».ia'*t»**:^' 



300 Dr John Cameron 



The whole of the rhinencephalon is unu8ually well developed, ho that the 
itx>t8 of the olftvctory peduncle can be traced with ea8e to their respective 
destinationH. It is rather interesting to note that this undue prominence 
of the rhinencephalon is associated with entire absence of the transverse 
commissural Hbres of the fornix, a fact which suggests that these fibres do 
not form a very importtuit, far less an essential, part of the rhinencephalon. 

The cerebral sulci are on the whole deeper than in normal brains, the 
average being H or 15 mm. instead of the normal 10-12 nun. (12). Home 
are exceptionally deep. Thus the lower segment of the right liolandic 
fissure is 20 mm. deep at its middle, while the depth of the pjst-central 
sulcus is as much as SI mm. 

Absence of the corpus callosmn is usually found tissociated with a 
tendency to abnormal size of the ventricular cavities, almost amounting 
to a hydrocephalic condition. Indeed, 4\irner (21) has suggested that this 
may explain the arrested development of the corpus callosum. In the 
present specimen, in addition to a complete failure of those fibres of the 
corpus callosum which cross the mesial plane, there is appirently almost 
total absence of those portions of the connnissure which, under normal 
conditions, occupy each hemisphere and constitute the roof of the lateral 
ventricles. Consequently the latter cavities are decidedly more ciipacious 
than normal. The increased caimcity, from this point of view, is thus, 
imrtly at legist, the result of a general deficiency of the corpus callosum ; 
though this conclusion does not entii*ely put out of court the possible 
existence of a concomitant hydrocephalic condition. 
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a.c. anterior commissure. 


gr.long.fi88. 




ant.comm. anterior commissure. 


gyr.dent. 




call.sul, callosal sulcus. 


hyp. 


ir 


c.m.|, c.m.^ c.m.^ calloeo-marginal sulcus. 


inct. 
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cing. cingulum. 


in.pa. 




diag. diagonal sulcus. 


lam.ter. 


It 


ep. epiphysis. 


M,B, 




Eb. sulcus of Eberstaller. 


occ. 
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for. formiz. 


op.c. 
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/or,{a.p.) precommissural fibres of 


pa.ocr. 




anterior pillar of 


p. I. 
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fornix. 


pr8.8. 




for. (p.p.) postcommissural fibres 


pre.i. 




of anterior pillar of 


Ro. 
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fornix. 


ro. 




f.AI, foramen of Monro. 


*S».j, S,^ S,^ 
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/.J superior frontal sulcus. 






f.2 inferior frontal sulcus. 
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great longitudinal fissure, 
gyrus dentatus. 
hypophysis, 
incisura temporalis, 
intraimrietal sulcu& 
lamina terminalis. 
mid brain, 
pars occipit-alis. 
optic commissure, 
parioto-occipital-fissure. 
post-1 imbic fissure, 
su peri or precen tral sulcus, 
inferior precentral sulcus, 
fissure of Rolando, 
rostral sulcus, 
fissure of Silvius. 
superior temporal sulcus, 
inferior temporal sulcus. 
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A CASE OF FUSION OF THE SEMILUNAR AND CUNEIFORM 
BONES. By Adams A. M*Connell, B. A., Trinity College, Dublin. 

In the October number of tlie Jmi/mal of AnaUrmy avd Physiology, Mr 
Douglas E. Derry gives an interesting note on the occurrence of fusion of 
the semilunar and cuneiform bones. He points out that this abnonnality 
is relatively much more common in negroes than in white men. He has 
collected information regarding two cases, described by himself, -and 
references to four others, and ho notes that of the total recorded eases 
all occurred in negroes. The editoi-s, in a footnote, give a reference to a 
case of fusion of the semilunar and cuneiform bones, published in the same 
Journal, vol. xvii. p. 255, by Dr K J. Anderson, who also i*efers to a 
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similar case de8cril)ed by Wagner. Professor Audei*s(m has kindly in- 
formed me that his specimen was found in the carpus of a white man. 

In the Anatomical Department of Trinity College, Dublin, there is a 
right carpus of a male subject, presumably Irish or Anglo-Irish, which 
shows complete fusion of the semilunar and cuneiform bones. A vertical 
transverse section through the combined semilunar and cuneiform bones 
demonstrates the absolute continuity of the cancellous tissue. 

Fig. 1 gives a view of the upper surface of the specimen. The facet 
for the pisiform bone is seen in part. 

Dr Walter C. Stevenson very kindly took several X-ray photographs of 
the specimen, for which I am greatly indebted to him. 

One of these photographs is represented diagrammatically in fig. 2. It 
shows the continuity of the cancellous tissue, and also the arrangement of 
the lamella) in the compound bone. For purposes of comparison an X-ray 
photograph of two normal bones is represented in fig. 3. 

Neither the palmar jior the dorsal surfaces shows any indication of th^ 
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line of the normal articulation between the bones. The entire inferior 
surface is articular and uninterrupted by any marking. The radial side 
of the superior surface shows a large smooth area, the articular cartilage 
on which is divided by a faint roughness running in an antero-posterior 
direction into two parts, one corresponding to the facet on the lower 
surface of the radius, and the other to the under aspect of the triangular 
fibro-cartilage. This articular arwi occupies a1x>ut two-thiitls of the 
superior surface, which is rough to the ulnar side of it. 

In the carpus of the left hand the bones were normally disposed, and no 
fusion of the semilunar and cuneiform bones was present. Considering the 
rarity of fusion of the semilunar and cuneifoiin bones, and the fact that 
this abnormality is relatively more common in negroes, it seems advisable 
to place as many cases on record as possible, and it is on this account that 
the present communication is brought foinvard. 






A METHOD FOR DETERMINING THE POSITION OP THE BASE 
OF THE EYE-SOCKET. By Evelyn John Evait, LecUvrer in 
Applied ATUttomy, University College of South Wales and Afon- 
TYwutlishire, Cardiff. 

One meets with frequent references in works on eraniology to the so- 
called obliquity of the eye-socket ; but as there does not seem to be any 
recognised method for determining the position of the eye-socket, the 
object of the following paper is to suggest one. 

Let us take the adult human eye-socket as our type. 

The mouth, or that part of the eye-socket which appears on the surface 
of the skull, is its base, and the margin which suiTOunds the base may be 
termed the rim. 

The upper, outer, and lower segments of the rim are usually at once 
recognisable. A difficulty, as W. Turner has pointed out, in the case of 
the male Australian skull may present itself in shai-ply defining the outer 
boundary (ChxUlenger Rejun^ts, 1873-76, vol. x., "Report on Human 
Crania," p. eS2). 

A careful scrutiny of the anterior surface of the outer segment reveals 
the presence of a slight ridge which projects in front of the rounded 
contour of this part. This ridge is invariably found to run continuously 
into the upper and outer part of the rim, and can be rendered more evident 
by laying the lead of a pencil flat on the anterior surface of the outer 
boundary and drawing it along : a sharp line is thus marked on this, the 
most salient part of the rim. This pencil-marked ridge may be regarded as 
the mathematical limit of the outer boundary. 

In certain animals, notably in carnivoi*s, the external or posterior 
segment of the rim is wanting, there being no osseous union between the 
frontal and the zygoma. In these cases, iH)ints either on the orbital pro- 
cesses of the zygoma, or cm the post-orbital proccsHcs of the frontal, which- 
ever lie nearest the horizontal plane through Flower's luchryimd pimitn 
(see below), may be taken to represent the outer limit of the rim. 

"In fioigivomus bats the lachrymal foramen is situated outside the 
margin of the orbit " (Flower, Mammalian Ostexdinjy, third edition, p. 176). 
This condition occurs also in a great many other animals, so that the lachry- 
mal crest in these cases comes to form the inner segment of the rim. 
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In primates, and particularly in Man, the lachrymal crest is contihnouR, 
with a woll-defined ridgr. on tlio fronUil lx)no ; therefore, on morpho- 
logical grounds, this orbital crest of the frontal bone, together with the 
lachrymal crest, may be regarded as the upper and inner segment of the 
rim. The lx>nes entering into the formation of the rim are the frontal* 
malar, superior maxilla, and the lachrymal. 

Ill order to dnUniniue the position of the; base of the eye-socket, let us 
take four points on the orbital rims, two of these on the inner segments, 
where the lachrymal crests meet the frontal-lachrymal sutures (Flower's 
lachrymal points), and two on the outer segments, transversely opposite 
the first two. These usually fall on the malar bone, immediately below 
the fronto-malar suture, and may be conveniently called the maUir points. 
Now, know^ing the distance between these several points, one can construct 
a quadrilateral (fig. 1). 




Fio. 1. — MctiicMl of plotting out tlio figure from given mcaimrements. 

In this figure A and B represent Flower's lachrymal points, and C 
and 1) the malar points. The distance AB is the inner inferovhifal 
width, CI) the rm/r?* inierorhiinl width ; whilst AC and BI) are the 
tninHverse wiclths of the orbiUU basos. 

Since these lengths arc not sufficient to enable us to determine the 
size of the angle contained between the base and the coronal plane (outer 
interorbital width), owing to the occasional asymmetry in the position of 
the two bases, it is necessary to ascertain in addition the lengths AD 
and BC; the figiwes may be then constructed in the following manner 

(fig- 1) :- 

With centres C and D, which are the ends of the outer orbital width, 

descril)e circles with radii CA and I)B respectively; and with centres D 

and C, and radii DA and CB respectively, describe circles. Let these circles 

cut at A and B : join CA, AB, BD, and lastly, CB and DA. 

The angle AC^D or BDC may be termed the hi sic angle, and is a 
measure of the so-called obliquity of the eye-socket. 

The value of the angle, e.(j., ACD in the triangle ACD, may be deter- 
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mined by the use of the ordinary trigonometrical formula 



ad 



or by direct measurement of the angle in the figure. 

The accompanying figures will show at a glance how the position of 
the bases with reference to a coronal plane may be graphically represented 
(fig. 2, a, b, c, d). 





-<r 
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Fio. 2, a, b, Cf d, — Plotted out fi*om measiiroiueiita obtained from a, a akeep ; 
b, a dog ; c, a negro ; d, an orang-utan. The basic angles ACD are 
66' h2\ 57* 52', 2V IS', and 0* re8|iectively. Two-thirds actual size. 

I have examined the eye-sock cts of 105 adult huiimn skulls of different 
races and sexes, but until a considerably greater number have been ex- 
amined, I do not feel justified in attempting to formulate any statements 
that may be of morphological interest. Still, as the position of the eye- 
socket may possibly prove to be a factor in the classification of skulls, in 
anticipation the eye-socket may be defined as Ithyhasic (i6u^, forwards), 
Meaobaaic (fie<ro^t middle), Loxobtufic (Xo^o9, slanting), according to the 
degree of forward projection of the base of the eye-socket 
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In conclusion, it may be mentioned that the greatest basic angle which 
I have so far observed in adnit Imman skulls was in the case of a male 
negro, and it amounted to 2V 18'. Fig. 2, c has been plotted out from 
measurements obtained from this skull. 

Three of the number were true ithybasic, that is, the bases were at right 
angles to the mesial plane and coincided with the coronal plane, as in fig. 2, d. 

The Imsic angle of the eye-socket in the skull of the one microcephalic 
idiot which I have had an opportunity of examining, was 15** 8'; it is 
therefore not inconsistent with the human type, and is not anthropoid. 

The anthropoid eye-socket is ithybasic (fig. 2, d), and not infrequently 
the basic angle is re-entrant. 



THE LATERAL FIXATION OF THE CERVIX UTERI. By Ella 
G. A. OvENDEN, M.D., Assistant I)em(nistrator in Anatomy, 
Women's Department, Medical School, Trinity College, DxMln, 

In a paper published in the Archiv f, Oymelcologie in 1896 ^ Mackenrodt 
investigates the factors at work which hold the uterus in its normal position 
of antevei*sion and anteflexion. In the course of this paper he lays great 
stress on the action of a band of connective tissue, which he calls the 
" ligamentum trans versalis colli." As this ligament is not described as such 
in any of the usually read text-books of anatomy, and in only a few of 
the text-books of gyna3Cology, and appeal's to be gaining in interest with 
those who have been working in the Oerinan Schools, I have been led 
to carry out an investigation to see whether it might lay claim to the 
prominent position which Mackenrodt has given it. 

The points which Mackenrodt brings out in his paper are the following : — 

1. The lower opening of the pelvis is closed l)y the pelvic fascia, which 

sends firm bands to the cervix and vagina. 

2. The ceririx is held fast in its embryological position by ligaments, and 

the normal anteversion and anteflexion takes place by the bending 
of the cervix — not the corpus. 

3. The uterine Ixxly is kept in position by its own weight and intra- 

abdominal pressure — not by ligaments. 

4. There are fibres coming from the pelvic fascia to the side of the 

cervix, which are shai'ply to be defined from the sparse connective 

tissue fibres between the layers of the broad ligament. These form 

a band that is the chief means of holding the uterus in position. 

Mackenrodt denies the statements of Schultz, Schroeder, and Hodge, 

who all agree that the ligamentum rotundum has an influence in maintaining 

the anteverted position of the uterus. He supports his words by stating that 

he has often, in the course of a laparotomy, resected portions of the round 

ligament and retroverted the uterus experimentally ; but that he has always 

found on 8ubse(]uent examination — in the case of a healthy non-pregnant 

uterus — that the organ would right itself and be found anteverted again. 

None of the three authorities just mentioned lay any weight on the work 

1 « Ueber die Ursachen der normal u. path., Lagen des Uterus," Archiv f. Oyn., zlviii. 
393-421, 1895. 
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done by a band of connective tiRSUc running from the walla of tlie pelviR to 
l>e attached to the cervix ; nor do Nagel or Tschausow, who attribute the 
curve of the uterine body to the fact that it lias grown in the limited i-oom 
of the f<ptal pelvifl, the curve of which has given it the anteverted and 
anteflexed p^>siti()n. 

In addition to the ligaments usually doHcrilH»d, viz. the broad ligaments, the 
anterior and posterior ligam(»nts, the wicro-uterine ligaments and the round 
ligaments,! wish tx)show that there is another ligament, e^vsily demonstrated 
anatomically, and, according to MackenrcKlt. of great physiological importance 
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in maintnining the normal position of the uterus. Mackenrodt defines it ns 
follows: — "At the side of the vertebral column the pelvic fascia can be seen 
to give rise to a strong band which is inserted into the side wall of the 
colluin utciri. . . . The small weak centre of areolar tissue, Ix'tween the 
folds of the peritoneum in the broad ligament, is sharply to l)e defined from 
this fibrous band, which begins at the internal os, and springs from the 
pelvic fascia. W(i sp(»ak, therefore, of the broad ligament only Jis the jmrt 
covering the uterine b(xly, and call the lateral band to the colluin the 
ligfimenfnm fnmsrcrmdis colli. It is the chief means of fixation of the 
uterus, and carries in its upper margin the chief artery — the arteria 
uterina." 

J. Whitridge Williams, in his text-lK)ok on Midwifery, is one of the few 
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who mention the ligament. He says — " At the lateral margin of the uterus 
the peritoneal covering of the broad ligament is reflected on the side of the 
pelvis. The inferior margin, which is quite thick, is continuous with the 
connective tissue of the pelvic floor. Through it pass the uterine vessels. 
Its lower portion — the 'cardinal ligament* of Kocks, or the 'ligamentum 
transversalis colli * of Mackenrodt — is composed of dense connective tissue, 
which is tirmly united to the supravaginal jxirtion of the cervix." 

There ciin be no doubt that in the dissection of the pelvis this band 
forms an easily deflned and striking object. Between the layei*s of the 
broad ligament, at a level with the IkxIj' of the uterus, there is very 
little connective tissue t^> be foimd. The two layera of peritoneum lie 
upon each other, separated only by some loose subperitoneal areolar tissue, 
the round ligaments, the Fallopian tubes, etc. At the level of the cervix, 
however, a thick band can be felt between the two layei*H of peritoneum. 
It is wedge-shaped in section ; the apex of the wedge is directed upwards 
and is just about the level of the point of entrance of the uterine artery. 
Traced to its distal attachments, this 1)and is found to be formed from 
strong fibrous connective tissue, continuous with that which surrounds the 
l>elvic blotxl-vessels, and also that which comes through the sacro-sciatic 
notch. Some of the fibres appetir also U) l)e attached to the sides of the 
3rd and 4th pieces of the sacrum. 

The central attachment of this band is di'scribod by Mackenrodt as being 
the supi-a-vaginal portion of the cervix. It wtis suggested to me at the 
beginning of this investigation that this nni.st be impossible, because during 
the operation for vaginal hysterectomy the uterus is cleared from all its 
attachments by merely stripping with the linger, after the vaginal mucous 
membrane has been cut. As far as I can make out, the liganient is inserted 
partly into the vault of the vagina and the lateral fornix, but also directly 
into the side of the uterus for a short distance below the point of entrance 
of the uterine artery (see figure). ft constitutes the tissue which is 
generally clam{>ed or tied along with the uterine artery in the operation 
for vaginal hysterectomy, llather more than half the ligament, however, 
seems to be inserted into the lateral fornix and vault of the vagina. 
Certainly the whole mass is not — as Mackenrodt asserts — attached to the 
uterus. I ctinnot follow him either in his statement that the ligament 
comes from what he calls the " fa^^cia pelvis'* — if by this he means the 
visceral layer of the pelvic fiiscia — for, in spite of careful search, I could 
And no definite connection between the ligament and this layer, any more 
than between any two closely su])eriK)sed planes of fascia. It appears 
chiefly to come, as I have described above, from the connective tissue round 
the uterine and iliac vessels. Both Emmet and Schauta have laid emphasis 
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on the importance of the part played by this pelvic connective tissue in 
maintaining the normal position of the uterus, though they did not ascribe 
it to a particular band. 

The utcro-sacral ligament blends with the band near its insertion into 
the uterus. 

In nn'croscopic sections the ligament is found to consist largely of 
fibrous tissue, through which are scattered a g(XK] many bundh^s of smooth 
muscle fibre, and which 8upj)orts a fairly large number of veins and 
]ym|)hatic.s, as well as the uterine artery. 

Its action as rognnls tlie [Mwition of the utcirus, according to Mackenrodt's 
idea, can Ix^st l)e explained b^^ the fact that, coming as it does with the 
vessels, and from the jwstero-lateral part of the pelvic wall, it would hold 
the cervix firmly with a pull in a slightly backward as well as lateral 
direction, and this pull, acting with the other factoi-s de8cril)ed Ix^fore, ^.r^ 
the intra-alKlominal pressure and the weight of the uterus itself, would 
tend to preserve the normal anUj version nnd anteflexion of the uterus. 

The cpiestion is, then — Has this l>and as much right to the name of a 
ligament Jis the others which hold the uterus in positi(m, and should it be 
described as a separate entity lying between the layers of the broad 
ligament ? In the light of these investigations, T think it is worthy of a 
mor<^ important position than that which it Iuih hitherto held- 
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NOVEMBER 1906 

The Annual (iENKRAL MEFrnNd wiw held at King's College on Friday, 
24tli November 11)00, at 3.30 P.M. Or Keith (Vice-President), in the 
absence of the President, occupied the Cliair. There were present nineteen 
members and nine visitors. 

The minutes o[ the preceding nu»eting were read and confirmed. 

The following gentlemen were elected to the OlHces and Council tor 
the ensuing year : — 

AiiTHUH Thomson, M.A., M.B. 

Vue- Presidents 

A. Kwrrn, Nf.l). ; James Mu.s<hu)ve, M.I).; A. F. Dixon, M.B. 

Treasunr, 

F. G. Parsons. 

SecretnHes. 

William Wright, M.B., D.Sc. (England); Alexander Macphail, M.D. 
(Scotland); H. M. Johnston, M.D. (Ireland). 

CoHnHl. 

C. ApDisoN, M.I). ; R. H. Burne, B.A. ; T. H. Buyce, M.D. ; D. J. 
Cunningham, M.D., F.11.S. ; W. M^Adam Eocles, M.S.; E. Fawceti', 
M.D. ; R. J. Gladstone, M.D. ; J. Yule Mackay, M.D. ; A. Mac- 
Alirter, M.D., F.R.S. ; A. M. Paterson, M.D. ; J. P. Pye, M.D., D.Sc. ; 
W, O. RiDEwooD, D.Sc; Arthur Robinson, M.D.; J. Symington, 

h 
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M.D., F.R.S. ; G. D. Thane, LL.D. ; Peter Thomi>s(>n, M.I). ; H. W. 
Maheit Tims, M.D. ; J. T. Wilson, M.D. ; B. C. A. Windle, M.l)., 
F.R.S. ; A. H. Young. M.B., I.LI). 

Votes of thanks to the retiring President and Honorary Secretary were 
, proposed and earned. 

The Treasurer presented his Report for the year 2nd November 1905 
to 2nd November 1006 as follows: — 



JiecciptH, 

£ *■. d. 

Balance, 2ii(l Nuveiuber 1905 . 72 6 7 

Subscriptions in arrear (now paid) 25 15 

„ for current year . 41 9 

), in advance . .440 

RcceivcHl for illiittti-ationn . . 14 10 S 

Meniliers' subscrijitionis to the 

Journal of A Hotomy . 1 10 



Paymenii. 

Printing, etc 

OoBt of ilhistiiUions . 
InUniatioiMl Oaialoyiie 
B\\\mdy to Jourtitil uf AfuUomy . 
I ndox iiig Jonnial of A mUi/iuy . 
MenibeiV subscriptions to the 

Journal of AiuxUmiy 
Expenses, petty cash and sundries 
Balance at Bank, 2nd Nov. 1906 



£ s. d, 

20 J2 6 

46 IS 6 

10 

25 

35 

1 10 

2 14 9 
18 6 3 



£160 2 
1th November 1906. — Examined and found correct. 

R. H. BURNK, ']^^^dMors, 



£100 2 



F. G. Parbonb, 

Hon. Treastwer. 



The Report was received, approved, and ordered to l)e entered on the 
minutes. 

Professor GuoLiELMO RoMiTi, of the Royal University of Pisa, was 
unanimously elected an Honoi-ary Meml)cr of the Society. 

Dr Keith proposed, and Air M'Adam Ecoles seconded, "That the 
question of the Society's continuing to pay for the collection of material 
for the Anatomy Volume of the Internntlomd CutaUMjue of Scientific 
Liteniture, and for the preparation of the Index of the Jowmal of Anatomy 
and Physiology t be remitted to the Committee of Management for con- 
sideration, with power to cease the payments at a convenient date if 
thought desirable." 

An amendment that the words l)eginning " with {K)wer, etc.," be deleted, 
was projM)sed by Professor Patehson and seconded by Professor YouNO. 
The amendment was lost. 

l)r Keith having withdrawn his motion, Profes.sor Tiiomi»80N pi-oix)sed, 
and Dr Addison seconded, '' That this meeting authorises the Committee 
of Management to cease the contribution of funds towards the collection 
of material for the Anatomy Volume of the Internaticnud Catalogued' Tlie 
motion was lost. 

Dr Addis(^n next proposed, Dr Keith seconded, and it was carrie<l 
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unanimously, "That this mectin<( instructs the Committee of Management 
tf) proviHionally refrain from entcvring into any arrangement for continuing 
the preparation of the Index of the Joiivyial of Anatomy and Physiology ^ 
to consider if some more economical arrangement can be made, and to 
report at the next ordinary n)ceting of the iSociet3\". 

The followinir communications wore msule: — 

1. Professor Peteu Thompson gave a description of a liuman embryo, 
2*5 mm. in length, reconstructed hy the wax -plate method.* He showed a 
series of lantern slides illustrating the form of the heart and the general 
arrangement of the various organs. Models of the bi^ain, the heart and its 
endotlielial tube, the alimentary canal, were also shown. 

2. Professor A. H. Young exhibited a heart from a man aged thirty- 
five years, exhibiting the rare anomaly of a single functional ventricle.* 
Furtlier, there was a transposition of the large arterial trunks so that the 
transposed aorta arose from the right side of the common ventricle. 
During foetal life the arterialised blood must have passed from the 
placenta successively through the right and left auricles and been directed 
to the loft part of the common ventricle. It would then pafls to the right 
part towards the aorta, in its course intermixing with the caval venous 
blocxl from the right auricle. The course of the main blocxl-stream would 
tend t/O inUirfero with the complete developnient of the intervonti'icular 
septum, and so tliere would be no formation of right and left ventricular 
chamlx^.rs. 

3. Professor A. M. Patkuson read a paper on The Mecltavical Snj^pinis 
of fhr. Pelvic Vi^cera.'^ Speaking of the pelvic fascia, ho suggested that the 
tonii " vis(M»ral " |)olvic fascia should Im» droppi'd altogether as confusing and 
misletuling. The only viscera invesU^d by pelvic Fascia are the genito- 
urinary organs, the prostate, vesicuhw semiuales and vasa deferentia in the 
male, and the vagina and urethra in tho female : and these are invested and 
suspended by a special fold of the pelvic fascia for which he suggested the 
term suspensory ligament. The rectum is altogether free and separate 
irom adhesions of the pelvic fjiscia; it lies loose in a special chaimel l>ounded 
in Front by th(5 suspensory ligament ; it is clotluid by extra-peritoneal tissue 
and is free to distend and collapse. 

4. l)r C. A. Hill (introduced by Professor Paterson) gave an account 
of a prehistoric skeleton found in a cave at Littlcdale, Yorkshire.^ 

^ Tlie jviper is published in full iii the April lunnber of the Journal of Anatoitiy and 
PhygioUujtf. 

^ The paper is published in full in the January number of the Journal of Anatomy and 
Physiology, 
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An Ordinary Meeting of the Society woh held on Satni-day, 2Gth January, 
in the Medical School of the London Hospital. 

The President occupied the Chair. There were fourteen members present 
and three visitors. 

The minutes of the previous meeting were read and confirmed. 

The Secretary read a letter from Professor Romiti thanking the Society 
for the honour they had bestowed upon him in electing him an Honorary 
Member. 

The following were elected membei*s of the Society : — James Peter Hill, 
D.Sc.; J. Yeates, Af.B., CM., B.Hy.; E. S. Shave, F.R.C.V.S., M.R.C.S.; 
J. C. Graves, M.R.C.V.S. 

Re the proposed contribution from the Society towards the expenses of 
the Inteimatlmial CataUxjue/\i was proposed by Professor Thane, seconded 
by Professor Robinson, and resolved, "That the Committee of Management 
be requested to consider the financial position of the Society, and to report 
at the next meeting of the Society upon the position, with recommendations 
as to the course to be adopted." 

The following communications were made to the Society : — 

1. Dr H. M. Johnston showed a series of painted phister-of- Paris models 
of the wrist-joint.^ These models, twenty in all, showed the relations of the 
carpal bones to one another in the various positions assumed by the hand. 
They were prepared from a series of dissections of the wrist, hardened by 
previously injecting the specimens with formalin. 

2. Dr John Cameron gave a communication on a Brain with dyirvplete 
Absence of the C()ij)U8 callomini} The specimen is of particular interest in 
so far as it exhibits retenticm of the embryonic attachments of the " lamina 
terminalis." 

8. Mr Ralph Thomi^son read a paper dealing with the important part 
the " calcar femorale ** plays in connection with the variety of fracture of the 
neck of the femur known as extracapsular.^ 

4. Professor Fawcett read a paper on the Ossijication of the Sphenoid} 

^ The paper will be published in full in the Journal of Anatomy and Phytiology. 
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Mr Keith RJiowecl specimtMiR illustrating the following points: — 

(1) The umscniar connections between tlie primary divisions (sinus, 
auricles, ventricles) of the human lieart (see Journal of Anatoviy and 
Physiolofjy, April 1907). 

(2) Peculiar neuro-niuscular nude at the junction of superior vena cava 
and right auricle. 

(3) The arterial circle at tlic sino-auricular junction of the human heart. 
Tlu! circle receives tributaries from (1) a branch from right coronary that 
jwiHses iMM-k wards 1)etween right auricle and aorta; (2) from a branch of the 
right coronary which passes upwards on the right lateral aspect of the right 
auricle ; (3) a branch from the left coronary which reaches the superior 
vena cava by passing along the tipper margin of the left auricle. The circle 
is formed in a similar manner in all mannnalian hearts which have been 
examined. 

(4) Congenital dislocation of the hip. 
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